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Adenosine receptor activation induces vascular endothelial growth 

factor m human retinal endothelial cells. 
AUTHOR: Grant Maria B(a); Tarnuzzer Roy W; Caballero Sergio; Ozeck Mark J; 

Davis Margaret I; Spoerri Polyxenie E; Feoktistov Igor; Biaggioni Italo; 
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ABSTRACT: A:;enosine, released m increased amounts by hypoxic tissues, is 
thoU':;ht tc be an angiogenic factor that links altered cellular metabolism 
caused by oxygen deprivation to compensatory angiogenesis . Adenosine 
interacts with 4 subtypes of G protein-coupled receptors, termed 
Al, A2A, A2B, and A3. We investigated whether adenosine causes 
proliferation of human retinal endothelial cells (HRECs) and synthesis of 
vascular endothelial growth factor (VEGF) and, if so, which adenosine 
receptor subtype mediates these effects. The nonselective adenosine 
receptor agonist 5 ' -N-ethylcarboxamidoadenosine {NECA) , in a 
concentration-dependent manner, increased both VEGF mRNA and protein 
expressicn by HRECs, as well as proliferation. This proliferative effect 
of NECA w.^^s inhibited by the addition of anti-human VEGF antibody. NECA 
also increased insulin-like growth factor-I and basic fibroblast growth 
fact I' r mRXA expression in a time-dependent manner and cAMP accumulation 
m these :.ells. In contrast, neither the Al agonist 
N6-cyclc.f^entyladenosine nor the A2A agonist 2-p- (2-carboxyethyl } 
phenetnylammo-NECA caused any of the above effects of NECA. The effects 
of NECA were not significantly attenuated by either the A2A antagonist 
SCH5--26] :.'r the Al antagonist 8 -cyclopenthyl- 1 , 3-dipropylxanthine . 
Howe .-er, : he nonselective adenosine receptor antagonist xanthine 
amm-r cc.n::ener complet^eTyN^nhibited the effects of NECA. Addition of 
antisense oligonuclec/ti^ comp lementary to A2B adenosin e 
recep tor^m RNA_inhibit^d VEGH protei ji_^ p r odu^^t£on_b^ 
stirmli^£i.unr^^ the^N^B ^enosine~i?^ceptor "subtype appears 
to mediate the actions oi"--^enosine to increase growth factor production, 
cAMP content, and cell proliferation of HRECs. Adenosine activates the 
A2B adenosine receptor in HRECs, which may lead to 

neovascularization by a mechanism involving increased angiogenic growth 
fact'ji ex^^ression. 



antisense strategy to t^^et the nonvisual arrestins, a^^tin-2 and 
arrestin-3, and deterr^Bd the associated effects on ^^Bj regulation of G 

protem-couFled receptor (GPCR) signaling. HEK2 93 c^Rs stably 
expressing antisense constructs targeting arrestin-2 exhibited a 
selective reduction (approximately 50 ) in arrestin-2 levels, while 
arrestin-3 antisense constructs resulted in reductions (>/ = 50'i) in 
both arrestin-2 and arrestin-3 levels. Initial analysis of these cells 
demonstrarea that a reduced level of arrestin expression resulted in a 
significant decrease m the extent of agonist-induced internalization of 
exogenously expressed beta2ARs, but had no effect on internalization of 
either m2 or m3 muscarinic acetylcholine receptors . Additional 
characterization involved assessing the role of arrestins in the regulation 
of: enoo genius GPCRs in these cells. Reduced arrestin levels significantly 
aecrea-ed the rate of endogenous beta2AR internalization, desensitization, 
and re^ ensit ization . Further analysis demonstrated that the desensitization 
of end^ger.ous A2b adenosine and prostaglandin E2- stimulated 
receptors was also attenuated in cells with reduced arrestin levels. 
The effect.s on the beta2-adrenergic, A2b adenosine, and 
PGE2- stimulated receptors were similar among cell lines that 
exhibited either a selective reduction m arrestin-2 levels or a reduction 
m both arrestin-2 and -3 levels. These findings establish the utility of 
antisense approaches in the examination of ar restm-mediated GPCR 
regulation . 
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Localization of adenosine receptor messenger RNAs m the rat eye. 
?vvanta A; Seregard S; Sejersen S; Kull B; Fredholm BB 

Department of Ophthalmology, St Erik's Eye Hospital, Stockholm, Sweden. 
Expet : mental eye research (ENGLAND) Nov 1997, 65 (5) p595-602, 
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Adenosine' is present m all cells and body fluids and has been suggested 
to play several roles in the physiology of ocular tissues. The present 
X study was undertaken to determine whic h types__of adenosine reen ter 
\\ Q^NAs are present m the rat eye, and where they are expressed. RNA or 
deoxynin-'^^-UxyhU'JleO tide's complementary to rat adenosine receptor 
subtypes Al , A2A, A2B and A3 were used to generate 35S labeled 
antisense and sense ^^?obes. The probes were then used for m situ 
hybridization on 10 microm cryosections of the rat eye including the 
cornea, iris, ciliary body, lens, retina, choroid and sclera. Al, A2A and 
A2B receptor mRNAs were demonstrated in the ciliary processes. 
Al receptor mRNA was also expressed in the ganglion cell layer of the 
rtrtma. Th- retina also showed A2A receptor mRNA expression, which 
was m:st *^'rominent in the inner nuclear layer and less prominent in the 
gangli:n cell layer and outer nuclear layer. Weak A2A expression was found 
in th'i- ret inal pigment epithelium and choriocapillaris . No significant 
expres.viDn of A3 receptor mRNA was found in the rat eye. In 
ccnclur^^n, using m situ hybridization, we have demonstrated expression of 
mP'NA ! c t: ;^i, A2A and A2B adenosine receptors in the rat eye. 
The ex}: I ess ion patterns support specific roles for adenosine in the ciliary 
procesi and retina. Copyright 1997 Academic Press Limited. 
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Cyclooxygenase-2 expression in rat microglia is induced by adenosine A2a- 
receptors . 



Fiebich SL; Biber I^^Lieb K; van Calker D; Berger M; Bauer J; 

Gebickt:^-Haerter PJ 

Abt. Psychiatrie, UnivWsitat Freiburg, Germany. 
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We investigated the regulation of COX-2 expression and activity by 
adenosine receptors in rat microglial cells. The selective adenosine 
A2a-receptor agonist CGS21680 and the non-selective adenosine Al- and 
A2-receptor agonist 5 ' -N-ethylcarboxiamidoadenosine (NECA) induced an 
increase in COX-2 mRNA levels and the synthesis of prostaglandin E2 {PGE2). 
Tlie adenosine Al-receptor agonist cyclopentyladenosine (CPA) was less 
potent, and the adenosine Al-receptor -specific agonist 

N6-2- (-ammcphenylo) ethyladenosine (APNEA) showed only marginal effects. 
Microglia expressed adenosine A1-, A2a-, and A3-, but not A2b- 
receptor mPNAs, whereas astroglial cells expressed adenosine 
A2b- but not A2a-receptor mRNA. The adenosine A2a- 
receptor ;::.eiective antagonist ( E ) - 8- ( 3 , 4-dimethoxystyryl) - 1 , 3-dipropy 
l_7_metny:i xanthine (KF17 8 37) inhibited both CGS2168 0-induced COX-2 
expressii'H and PGE2 release. CGS2 1 68 0-increased PGE2 levels were inhibited 
by dexamethasone, by the nonsteroidal antiinflammatory drug meloxicam, and 
by the adenylyl cyclase inhibitor 9- { tet rahydro-2- f uranyl } - 9H-purine- 6-amin 
e (SQ22S36) . CGS21680 and NECA both increased intracellular cAMP levels in 
microglial cells. Dibutyryl cAMP as well as forskolin induced the release 
of PGE2. The results strongly suggest that adenosine A2a-receptor 
-induced intracellular signaling events cause an up- regulation of the COX-2 
gene and the release of PGE2 . Apparently, the cAMP second messenger system 
plays a crucial role m COX-2 gene regulation in rat microglial cells. The 
results are discussed with respect to neurodegenerative disorders of the 
CNS surh as Alzheimer's disease, in which activated microglia are 
critically involved and COX inhibitors may be of therapeutic benefit. 
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Tissue rii.r t ribution of adenosine receptor mRNAs in the rat. 

Dixo:. AK; Gubitz AK; Sirinathsingh] i DJ; Richardson PJ; Freeman TC 

E'epa:t:nen: of Pharmacology, University of Cambridge. 
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1. A liegree of ambiguity and uncertainty exists concerning the 
distribution of mRNAs encoding the four cloned adenosine receptors. 
In order t :■ consolidate and extent current understanding in this area, the 
expression :'f the adenosine receptors has been examined in the rat by 
use of in situ hybridisation and the reverse t ranscription-polymerase chain 
reaction (RT-PCR). 2. In accordance with earlier studies, m situ 
hybridis ati : n revealed that the adenosine Al receptor was widely 
expressed m the brain, whereas A2A receptor mRNA was restricted to 
the striatum, nucleus accumbens and olfactory tubercle. In addition, Al 
receptor :nRNA was detected in large striatal cholinergic 
mterneurones, 26% of these neurones were also found to express the A2A 
receptor gene. Central levels of mRNAs encoding adenosine A2B 

and A3 receptors were, however, below the detection limits of in 
satu lu/tjri :iisation . 3. The more sensitive technique of RT-PCR was then 
empioy^-i investigate the distribution of adenosine receptor mRNAs 

m the central nervous system (CNS) and a wide range of peripheral tissues. 
As a result, many novel sites of adenosine receptor gene expression 
were identified. Al receptor expression has now been found m the 
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A{2&) receptors mediate the antimitogenic effects of adenosine in 
cardiac fibroblasts. 
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Adenosine inhibits growth of cardiac fibroblasts; However, the adenosine 
receptor subtype that mediates this antimi togen^LC effect remains 
undefined. Therefore, the goals of this study/were to determine which 
adenosir.e receptor subtype mediates the antim/togenic effects of 
<-.denosine -.nd to investigate the signal transduction mechanisms involved. 
In rat lefr ventricular cardiac fibroblasts, PD0F-BB {25 ng/mL) stimulated 
DNA synthesis (( 3 ) H- thymidine incorporation), dellular proliferation (cell 
number), ci-llagen synthesis { ( 3 ) H-proline incorporation), and MAP kinase 
activity. The adenosine receptor agonists 2-chloroadenosine and 
5 ' -N-methylcarboxamidoadenosine, but not N ( 6) -cyclopentyladenosme , 

4-amincbenzyl-5 ' -N-methylcarboxamidoadenosine, or CGS21680, inhibited the 
Lirowth eff-i-cts of PDGF-BB, an agonist profile consistent with an A{2B} 
receptor-mediated effect. The adenosine • receptor antagonists 
KF17837 and 1 , 3-dipropyl- 8 -p-sul f oplienylxanthine , but not 

b-cyclcpentyl-1, 3-dipropylxanthine, blocked the growth-inhibitory effects 
of 2-chloroadenosine and 5 ' -N-methylcarboxamidoadenosine, an antagonist 
profile consistent with an A{2) receptor-mediated effect. 
Antisense, but not sense or scrambled, oligonucleotides to the A{2B) 
receptor stimulated basal and PDGF-induced DNA synthesis, cell 
proliferation, and collagen synthesis. Moreover, the growth-inhibitory 
effects -jf 2-chloroadenosine, 5 ' -N-methylcarboxamidoadenosine , and 

erythro- 9- ( 2-hydroxy-3-nonyl) adeniafe plus lodotubericidin (inhibitors of 
adenosine leaminase and adenosine ^tinase, respectively) were abolished by 
antisense, but not scrambled or sen'se, oligonucleotides to the A(2B) 
receptor. O :r findings strongly support the hypothesis that adenosine 
i.auses inhibition of CF growth by activating A(2B) receptors coupled 
to inhibition of MAP kinase activity. Thus, A{2B) receptors may play 
a critical role in regulating ^ cardiac remodeling associated with CF 
proliferation. Pharmacologic or molecular biological activation of A{2B) 



receptors may p^^ent cardiac remodeling a^fcciated with 

hypertension, myocaiBPal infarction, and myocardi^^ reperfusion injury 
after ischemia. 
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Adenosine mediates the activation of adenylyl c^^clase via its interaction 
with specific A(2A) and A(2B) adenosine reciters. Previously, we 
demonstrated that arrestins are involved , /in rapid agonist-promoted 
desensi tization of the A{2B) adenosine receotor {A(2B)AR) in HEK293 
cells. In the present study, we investigate the role of arrestins in 
A(2B)AP trafficking. Initial studies demonstrated that HEK293 cells stably 
express invj arrestin antlsense constructs/, which reduce endogenous 
arrestin levels, effectively reduced A/(2B)AR internalization. A(2B)AR 
recycling alter agonist-induced endocytos/s was also significantly impaired 
m cells with reduced arrestin levels, ^nterestingly , while overexpression 
of arrestin-2 or arrestin-3 rescued A{EB)AR internalization and recycling, 
arre3tin-3 promoted a significantly fayster rate of recycling as compared to 
arrestin-2. The specificity of ar/estin interaction with A(2B)ARs was 
further investigated using arrestins/f used to the green fluorescent protein 
{arr-2~GFP and arr-3-GFP) . Both arr^^stins underwent rapid translocation (<1 
min) from the cytosol to the plasma membrane following A(2B)AR activation. 
However, longer incubations with /agonist (>10 min) revealed that arr-2-GFP 
but not arr-3-GFP colocalized / with the A(2B)AR in rab-5 and transferrin 
receptor containing early endos(6mes. At later times, the A(2B)AR but 
not arr-2-GFP was observed in ^n apparent endocytic recycling compartment. 
Thus, while arrestin-2 and /arrestin-3 mediate agonist-induced A(2B)AR 
mternali'jat ion with relativy^ equal potency, arrestin isoform binding 
dictates the differentiyi kinetics of A(2B)AR recycling and 
resensitizat ion . 
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Previous studies with overexpressing wild-type or dominant negative 
nonvisual arrestins have established a role for these proteins in 
beta2-adrenergic receptor (beta2AR) internalization, desensiti zation , 
and resensitization . To validate and extend such findings, we employed an 



heart, aorta, liver, ^^ney, eye and bladder. Theseobservations are 
largelv consistent wi^^revious functional data. A2A ^^ptor mRNA 
was detected m all hraW regions tested, demonstrating ^^t expression of 
this receptor is not restricted to the basal ganglia. In the 
periphery A2A receptor mRNA was also found to be more widely 
distributea than generally recognised. The ubiquitous distribution of the 
A2B receptor is shown for the first time, A2B mRNA was 

detect. ai various levels m all rat tissues studied. Expression of the 
gene trncocing the adenosine A3 receptor was also found to be 
widespread in the rat, message detected throughout the CNS and in many 
peripheral tissues. This pattern of expression is similar to that observed 
in man and sheep, which had previously been perceived to possess distinct 
patterns c f A3 receptor gene expression in comparison to the rat. 4. 
In summary, this work has comprehensively studied the expression of all the 
cloned adercsme receptors in the rat, and in so doing, resolves some 
of the uncertainty over where these receptors might act to control 
physiological processes mediated by adenosine. 
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ABSTRACT: Adenosine inhibits growth of cardiac fibroblasts; however, the 
aden.::.sine receptor subtype that mediate^ this antimitogenic effect 
remains undefined. Therefore, the goal^ of this study were to determine 
whicl: adenosine receptor subtype medi^ites the antimitogenic effects 
of adenosine and to investigate the ^ignal transduction mechanisms 
involved. In rat left ventricular ca^rdiac fibroblasts, PDGF-BB (25 ng/mL) 
stimulate;! DNA synthesis { 3 H- thymidine incorporation), cellular 
pro! : ferarion (cell number), colleen synthesis (3H-proline 
inc:'::-: D<.-)rn::ion) , and MAP kinase aptivity. The adenosine receptor 
agDn.o^s 2-chioroadenosine and S/'-N-methylcarboxamidoadenosine , but not 
N6-C-; :lo^ entyladenosme , 4-amin^benzyl-5 ' -N-methylcarboxamidoadenosme, 
or CG321t30, inhibited the growth effects of PDGF-BB, an agonist profile 
consistent with an A2B receptcyr-mediated effect. The 
adenosine receptor antagonist/4 KF17 8 37 and 
I, 3-dioropyl-8-p-sulf ophenyl;^anthine, but not 

8-cy..:Lopentyl-l, 3-dipropylx^'nthine, blocked the growth-inhibitory effects 

of 2- chic roadenosme and 5 V-N-methylcarboxamidoadenosine , an antagonist 

profile consistent with an'' A2 receptor-mediated effect. 

Antisense, but not sense or scrambled, oligonucleotides to the 

A2B receptor stimulated basal and PDGF-induced DNA synthesis, 

cell proliferation, and collagen synthesis. Moreover, the 

growr. n-mh.ibitory effects of 2-chloroadenosine , 

5 • -IJ-methylcarboxamidoadenosine, and erythro-9- ( 2-hydroxy-3-nonyl ) 
adenine plus lodotubericidm (inhibitors of adenosine deaminase and 
adenosine kinase, respectively) were abolished by antisense, but 
not scrambled or sense, oligonucleotides to the A2B receptor. 



Our findings strongly ^ipport the hypothesis that adeno^ne causes 
inhibition of CF grow^Bk^y activating A2B receptors coj^^d 
to inhibition of MAP l^ffase activity. Thus, A2B receptSIF may 

play a critical role in regulating cardiac remodeling associated with CF 
proliferation. Pharmacologic or molecular biological activation of 
A2B receptors may prevent cardiac remodeling associated with 
hypertension, myocardial infarction, and myocardial reperfusion injury 
after ischemia . 

2001 
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ABSTRACT: Adenosine inhibits growth of vascular smooth muscle cells. The 
goal- of this study were to determine which adenosine receptor 
subtvF-^ ni^-:liates the antimitogenic effects of adenosine and to 
mve, t :cra:e the signal transduction mechanisms involved. In rat aortic 
vascl.tr :mooth muscle cells, platelet-derived growth factor-BB (PDGF-BB) 
(2^j ::g/mL) stimulated DNA synthesis {( 3H ) thymidine incorporation), 
cellular proliferation (cell number), collagen synthesis {(3H)proline 
incorporation), total protein synthesis ((3H) leucine incorporation), and 
mitogen-ac-tivated protein (MAP) kinase activity. The adenosine 
receptor agonists 2-chloroadenosine and 

5 ' -N-methylcarboxamidoadenosme, but not N6-cyclopentyladenosine or 

CGS2i6^0, inhibited the growth effects of PDGF-BB, an agonist profile 

consistent with an A2jB_rece £tor-me^ i^a:t^.. effect . The 

adenosine receptor antagonists KF17 837 and 

1, 3-diprcr'yl-8-p-sulfophenylxanthine, but not 

S-cyclofiientyl-l, 3-dipropylxanthine, blocked the growth-inhibitory effects 

of 2- cnlc roadenosme and 5 ' -N-methylcarboxamidoadenosine, an antagonist 

profile r i^nsistent with an A2 receptor-mediated effect. 

Antisense, but not sense or scrambled, oligonucleotides to the 

A2B receptor stimulated basal and PDGF-induced DNA synthesis, 

cell proliferation, and MAP kinase activity. Moreover, the 

growth -inhibitory effects of 2-chloroadenosine, 

5 ' -Nmethyl -arboxamidoadenosine, and erythro-9- ( 2-hydroxy- 3-nonyl ) 
adenine p 1 a 3 lodotubericidin (inhibitors of adenosine deaminase and 
aden' sine kinase, respectively) were abolished by antisense, but 
not ccran^X'led or sense, oligonucleotides to the A2B receptor. 
Our findings strongly support the hypothesis that adenosine causes 
inhibition of vascular smooth muscle cell growth by activating A2B 
receptors coupled to inhibition of MAP kinase activity. 
Pharmacol jgical or molecular biological activation of A2B 
receptors may prevent vascular remodeling associated with 
hypertension, atherosclerosis, and restenosis following balloon 
angic'plasty . 
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Several lines of evidence support the hypothesis that adenosine 
contributes to asthma. Inhaled adenosine provokes 

bronchcconstriction in asthmatics, but not in nonasthmatics . This process 
appear-- to be mediated by mast cell activation, because it can be blocked 
by antihistamines and inhibitors of mast cell activation. Inhaled 
adenosine evokes release of mast cell mediators in bronchoalveolar 
lavage fluid, including histamine, prostaglandin D2, and tryptase, a 
specifi:: mast cell marker. Also, adenosine potentiates the 
immuno: Dgi ::.^1 activation of mast cells in vitro, including rat peritoneal 
mast cells, mouse bone marrow-derived mast cells, human lung mast cells, 
and the human mast cell line HMC-1. The receptor subtype that mediates this 
activation differs between mast cell type, but preliminary evidence 

suggests tnat human lung mastce j^ls ex^^ress A2B ^ recepto rs^. An 

argument agaiV^tr-TTTe" CGntribuLion ot^denosine m astnrna"has been the 



^This xanthine ( 3- (n-propylyl ) 
L%s_tli£ophyll.Lne_JJ^ 3-dimet 



lylyl ) jig^n 
Lntag^Ks 



nthine ) 



is 



as 



"enprof ylime paradox. '\ 

effective an antiasthma _^ 

initially thought iljJL L^^^ aH-^adeno^s ine rec^ep^r antag3^st 
More recent — ^evi"dence has" confirmed that e^iprof ylline blocks_^B^ 
receptcrs^£itli_-a-4^;t— f:^^^ microM) 

a^^ w^^ZY'v^Tth^^ Its therapeutic plasma levels (5-25 microM) . This finding, 

we believe, resolves the enprofylline paradox and supports the hypothesis 
that adenosine, through A2B receptor activation, contributes to 
asthma. Preliminary evidence suggests that A2B receptors are indeed 
present m human lung mast cells. A2B receptors, therefore, may be a 
potential target for the development of antiasthmatic drugs. 
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1. The adenosine receptor in mouse pinealocytes was identified and 
characterized using pharmacological and physiological approaches. 2. 
Expression of the two adenosine receptor subtypes A2B and A3 
was detected in mouse pineal glands and PGT-beta cells by polymerase chain 
reaction and nucleotide sequencing. 3. Adenosine and 
5 » _I^_ethyIcarboxamidoadenosine (NECA) evoked cyclic AMP generation but the 
A2 ) -sel ecr.Lve agonist 2- ( 4- ( 2-carboKyethyl ) phenylethylammo ) adenosine 
_s ._Isj_etnylcarboxamideadenosine (CGS 21680} and the Al-specific agonists 
R-N( 6) - ( 2 -phenylisopropyl) adenosine (R-PIA) and N (6) -cyclopentyladeno 
sine (CPA) had little effect on intracellular cyclic AMP levels. The 
A2B receptor selective antagonists alloxazine and enprofylline 
completely blocked NECA-mediated cyclic AMP accumulation. 4. Treatment of 
cells witri the A3-selective agonist N ( 6 ) - ( 3-iodobenzyl ) -5 ' - (N-methylcarbamo 
yl) adenosine (IB-MECA) inhibited the elevation of the cyclic AMP 
level in.;iuced by NECA or isoproterenol in a concentration-dependent manner 
with maximal inhibition of 40 - 50%. These responses were blocked by the 
specif 1- A3 adenosine receptor antagonist MRS 1191. 
pVetre.= tm'-nt of the cells with pertussis toxin attenuated the 
IB-MEC;--i:tduced responses, suggesting that this effect occurred via the 
pertussis toxin-sensitive inhibitory G proteins. 5. IB-MECA also caused a 
concentration-dependent elevation in [Ca(2+)]i and IP3 content. Both the 
responses induced by IB-MECA were attenuated by treatment with U73122 or 
phorbol 12~myrist^'te 13-acetate. 6. These data suggest the presence of both 
A2B an^i AS adenos'ine receptors in mouse pineal tumour cells and 
that the A2B Zeceptor is positively coupled to adenylyl cyclase 
wherea.^ the A3 /receptor is negatively coupled to adenylyl cyclase and also 
coupled t3 phospholipase C. 
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In tne e.-. rly 1990s it became clear that the A2A adenosine receptor 
had characteristics that made it distinct from the other Al, A2B and 
A3 adenosine receptors. Great progress has been made with the 
discovery selective A2A receptor antagonists. A variety of synthetic 

substitur : o:.s on the xanthine moiety led the chemists of Kyowa-Hakko to 
discover ti:at introduction of the styryl group in the 8 position of 
xanthine B ''as critical in achieving compounds endowed with selective A2A 
j^ecept.-^L antagonistic properties. One compound, 6002, 

(E) 1, 3-dL.-t:..yi-8- (3, 4-dimethoxystyryl) -7-methylxanthine, is currently being 
developed for treatment of Parkinson's disease. A number of non-xanthine 
heterocycle.r have also been synthesized starting from the non-selective 
adenosine antagonist CGS 15943, a t ria zoloquinazoline . Thus, 
ref.lac^-me:\t: of the phenyl ring of CGS 15943 with a heterocyclic ring such 
as pyrazol- or imidazole, led to a series of interesting compounds whose 
prototype, ;";CH 58261, 7- { 2-phenyIethyl ) -5-amino-2- (2-furyl) -pyrazolo[4, 3~e] 
- 1 , 2 , 4- t. ria-jolo [ 1, 5-c] pyrimidine, has become a reference A2A receptor 
antagonist . Modification of . ' N7 substituents has progressed to 
optimi::e A2A receptor sel^tivity and pharmacokinetic characteristics. A 
related cl.iss of compounds /having a bicyclic instead of the tricyclic ring 
struct;.re is also of interest. The prototype of these t ria zint ria zolo 
derivarives, ZM 241385, i^^ a potent A2A receptor antagonist; however, 
iz alr.o ol.ows interac^ons with A2B receptors. The relevance of the 
A2A receptors in specific disease states, especially in the central nervous 
system, ma^ies this ytlass of adenosine receptor blockers of interest 
for rr-3tme:.t of nej^odegenerati ve disorders such as Parkinson's disease. 
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Adenosine inhibits neutrophil vascular endothelial growth factor 

release and t ransendothelial migration via A2B receptor activation. 
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The eff-'-crs of adenosine on pTeutrophil (polymorphonuclear 
neutrot hilo; PMN ) -directed changes i'n vascular permeability are poorly 
charac. e r:.Z'-'d . This study investig/ted whether adenosine modulates 
activa'ei ?'MN vascular endothelial growth factor (vascular permeability 
factor; \'E;".;F) release and transeridothelial migration. PMN activated with 
tumour necrosis factor-alpha (TOF-alpha, 10 ng/mL) were incubated with 
adenosine -md its receptor-spec/f ic analogues. Culture supernatants 
weie -fiSoi-ed for VEGF. PMN /transendothelial migration across human 
umt'ili :al v-em endothelial cell (HUVEC) monolayers was assessed in vitro. 
Adhesi jri m "lecule receptor Expression was assessed flow cytomet rically . 
Adenosine and some c/f its receptor-specific analogues 
dose-dependently inhibi ted/ activated PMN VEGF release. The rank order of 
potency vjas consistent yfith the affinity profile of human A2B 
receptors. The inhibitc^ry effect of adenosine was reversed by 
3, 7-dimethyl-l-propargyl,5tanthine, an A2 receptor antagonist. 

Adenosine (100 microM) or the A2B receptor agonist 
5 r _j^_ethy2.carboxamidoaidenosine (NECA, 100 microM) significantly reduced PMN 
transendothelial migration. However, expression of activated PMN beta2 
integrins and ..-ffUVEC ICAM-1 were not significantly altered by 



adenosine ■ r NECA, Aden^^e attenuates human PMN VEGF r|||fcase 

and transei.dothelial mij^ption via the A2B receptor. ThiB^ovides a 

novel targ^rt for the modulation of PMN-directed vascular Typerpermeability 
m conditior.s such as the capillary leak syndrome. 
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MethctrexHte suppresses nf-kappab activation through inhibition of 
ikappatalph.^i phosphorylation and degradation. 
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Meth . : c-'.V'.t: e (MTX) , a folate antagonist , is a commonly used 
ant.i-ir.flam::iatory, antiproliferative, and immunosuppressive drug whose mode 
of action li. not fully established. Due to the central role of NF-kappaB in 
these responses, we postulated that MTX must mediate its effects through 
suppression of NF-kappaB activation. We investigated the effects of MTX on 
NF-kapi:>a3 avtivation induced by TNF in Jurkat cells. The treatment of these 
cells wirli MTX suppressed TNF^mduced NF-kappaB activation with optimum 
effect... 'J-: -urring at 10 &mgr;M MTX for 60 min. These effects were not 
restri:'ted tc^ Jurkat cells because other cell types were also inhibited. 
Beside.r. TNF, MTX also suppressed the NF-kappaB activation induced by 
various. o^her inflammatory stimuli. The suppression of TNF-induced 
NF-kapt aB .-^c-^ivation by M7*X correlated with inhibition of IkappaBalpha 
deu'rad!^!:i jii, suppression 0f IkappaBalpha phosphorylation, abrogation of 
IkappaSal|jh.^ kinase activation, and inhibition of NF- kappaB-dependent 
reporter lene expression. Because ecto 5' nucleotidase inhibitor 
(alpha, oer.i-methylene adenosine- 5 ' -diphosphate ) blocked the effect of 
MTX, adenosine mimicked the effect of MTX, and adenosine 
A2b : ecepv c r antagonist {3, 7-dimethyl- 1-propargylxanthine ) 
revers-i-a n^e inhibitory effect of MTX, we suggest that MTX suppresses 
NF-kap:33 ;-:ivation by releasing adenosine. A partial reversal of 
MTX- m :i NF-kapp^B suppression by thymidine and folinic acid indicates 

the role .f the / thymidylate synthase pathway also. Overall, our results 
clearly dt^nionst ra^e that MTX suppresses NF-kappaB activation through the 
release :i f adej^sine , which may contribute to the role of MTX in 
anti-i:\flaiTnat,or'y, immunomodulatory, and antiproliferative effects. 
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P.ecep'tot: subtypes mediating adenosine-inciUced dilation of cerebral 
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The purp-se of this study was to investigate the receptor subtypes that 
mediate the dilation of rat intracerebral arterioles elicited by 
adenosine . Penetrating Arterioles were isolated from the rat brain. 



cannulated v./ith the use micropipette system, and lum^|^ly pressurized 

to 60 rmnH-j. Both ade^Kne and the A2A receptor-selec^^ agonist 
CGS-21680 .i^nduced dose-d^endent vasodilation ( -logEC ( 5 0 }^^6 . 5 +/- 0.2 and 
S,6 0.3, respectively). However, adenosine, which is capable of 

activa^ ma both A2A and A2B receptors, caused a greater maximal 
dilati.^n ' h.^n CGS-21680. The A2A receptor-selective antagonist 

ZH-24^ 38 ;i , j . 1 microM) only partially inhibited the dilation induced by 
adenosine ; nr. almost completely blocked CGS-21680-induced dilation. 
Neither .--cyclopentyl-1, 3-dipropylxanthine (0.1 microM) , an Al 

receptor-selective antagonist , nor MRS-1191 (0.1 microM), an A3 
recept.:r-sele-tive antagonist, attenuated adenosine dose 
respon-.es. Moreover, ZM-241385 had no effect on the dilation induced by ATP 
(iO m.croM:. or acidic (pH 6.8) buffer. We concluded that the A2A receptor 
subtyp- m-diates adenosine -induced dilation of intracerebral 
arteri: les m the rat brain. Furthermore, our results suggest that 
A2B r-ceijt;rs may also participate in the dilation response to 
adenosine 



2/3,Air/7 (Item 7 from file: 155) 

DIALOG iR .' ?^:e 155: MEDLINE (R) 

i 12 810' I 2.155461 PMID: 112 3 0251 

A(2B. ) receptors mediate the antimitogenic effects of adenosine in 
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Adenosine inhibits growth of cardiac fibroblasts; however, the 
adenosine receptor subtype that mediates this antimitogenic effect 
remains undefined. Therefore, the goals of this study were to determine 
which adenosine receptor subtype mediates the antimitogenic effects 
jf adenosine and to investigate the signal transduction mechanisms 
involV'->d. In rat left ventricular cardiac fibroblasts, PDGF-BB (25 ng/mL) 
stimuL.ted DNA synthesis ( ( 3 ) H-thymidme incorporation), cellular 
prolif-rat^i n (cell number), collagen synthesis ( ( 3 ) H-proline 

incorpv'rat L:n) , and MAP kinase activity. The adenosine receptor 
a;onis:s 2 - ohloroadenosine and 5 ' -N-methylcarboxamidoadenosine, but not 
N ( ) ~c ,-o lop-^ 11 r,yl adenosine, 4-aminobenzyl-5 ' -N-methylcarboxamidoadenosine , 
;:r :g.2L >": . inhibited the growth effects of PDGF-BB, an agonist profile 
CDnsis*. eni. with an A(2B) receptor-mediated effect. The adenosine 
receptr antagonists KF17837 and 1 , 3-dipropyl- 8-p-sul f ophenylxanthine , but 
not ::■ - -yclopentyl-1, 3-dipropylxanthine, blocked the growth-inhibitory 
effect.^ of 2-chloroadenosine and 5 ' -N-methylcarboxamidoadenosine, an 
antagonist profile consistent with an A(2) receptor-mediated effect. 
Aiitiser.se, k'Ut not sense or scrambled, oligonucleotides to the A(2B) 
receptrr -stimulated basal and PDGF-mduced DNA synthesis, cell 
proliferation, and collagen synthesis. Moreover, the growth-inhibitory 
effects f 2-chloroadenosine, 5 ' -N-methylcarboxamidoadenosme , and 

erythr--9- (2-hydroxy-3-nonyZ) adenine plus iodotubericidin (inhibitors of 
adenosine leammase and /adenosine kinase, respectively) were 
abolishel by antisense, biit not scrambled or sense, oligonucleotides to the 
A(2B) receptor. Our ytindings strongly support the hypothesis that 
adenosine '.-auses inhibition of CF growth by activating A(2B) 
receptors coupled to /inhibition of MAP kinase activity. Thus, A(2B) 
recept:'r3 may play aJ critical role in regulating cardiac remodeling 
associated with CF gSroli f eration . Pharmacologic or molecular biological 
activation of A(2B) /receptors may prevent cardiac remodeling associated 



i^^^l infarction, and myocardial ^^^e 



with hypertension, myocay^al infarction, and myocardial i^Derfusion injury 
after ischemia. 



2/3,ABV3 (Item 8 from file: 155) 

DIALOG (P.) File 1 5 5 : MEDLI NE ( R ) 

1 12034:^. 21167351 PMID: 11266650 

3H]M?,S 1754, a selective antagonist radioligand for A{2B) 
adenosine receptors. 
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MRS 1 7 5 4 *[N- ( 4-cyanophenyl) -2- [4- (2, 3, 6, 7- tetrahydro-2 , 6-dioxo-l, 3-diprop 
yl- IH-}: urin "8 -yl) -phenoxy] acetamide] is a selective antagonist ligand 
of A{J3- adenosine receptors. This is the least well-defined 
adenosine receptor subtype, and A{2B) antagonists have potential as 
antiasthmatic drugs. For use as a radioligand, MRS 1754, a p-cyanoani lide 
xanthine derivative, was tritiated on the propyl groups m a two-step 
reacticr. using a p-carboxamido precursor, which was dehydrated to the cyano 
species using t ri f luoroacetic anhydride. [3H]MRS 1754 {150 Ci/mmol) bound 
to reccinbm.inc human A(2B} adenosine receptors in membranes of stably 
transfe-ted HEK-293 cells. Specific binding was saturable, competitive, and 
followed a ?ne-site model, with a K(D) value of 1.13 +/- 0.12 nM and a 
B(max) v:il\.e of 10.9 +/- 0.6 pmol/mg protein. Specific binding utilizing 
0.7 nM ^3H]MRS 1754 was > 70''o of total binding. The affinity calculated 
frcm . . .:, jj : u 1 on and dissociation binding constants was 1.22 nM (N = 4). 
Bindm.: t : • nieiiit-r anes expressing rat and human A(l) and A(3) adenosine 
recept-- rs '-fa.: not significant, and binding in membranes of HEK-293 cells 
expres.rin^ human A(2A) receptors was of low affinity (K(D) > 50 nM) . The 
effects jf cations and chelators were explored. Specific binding was 
constant over a pH range of 4.5 to 6.5, with reduced binding at higher pH, 
The pha nna':::ologicaJ. profile in competition experiments with [3H]MRS 175 4 
was ccnsLsr-ent w^'th the structure-activity relationship for agonists and 
antagonists at A(2B) receptors. The K{i) values of XAC (xanthine amine 
congener) imd j/px ( 8 -cyclopentyl- 1 , 3-dipropylxanthine ) were 16 and 55 nM, 
respectively. NECA ( 5 ' -N-ethylcarboxamidoadenosine ) competed for [3H]MRS 
1754 binding ywith a K(i) of 570 nM, similar to its potency m functional 
assays. Thus,^ [3H]MRS 1754 is suitable as a selective, high-affinity 
radioligand for A{2B) receptors. 



2/3,AB';i {Item 9 from file: 155) 

DIALOGIFI File 155:MEDLINE (R) 

11139074 11094552 PMID: 11159049 

Pegu: at Lo:: C'f G protein-coupled receptor-adenylyl cyclase responsiveness 
m hum,- M "i^iwo.y smooth muscle by exogenous and autocrine adenosine. 
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Adenosine is a mediator of bronchoconst rict ion in asthmatics and is 
believed to mediate its effects through adenosine receptor activation 



/ 



m inf laioraatory cells. this study, we identify h^jgn airway smooth 
muscle (ASM) as a direct|Brget of adenosine. Acute expod^B of human 
ASM cultures to adenosRie receptor (AR) agonists resulf^d in rapid 
accumulation of cyclic adenosine monophosphate (cAMP) with a 
pharmacologic profile consistent with A(2b)AR activation. Little or no 
evidence of AlAR or A3AR expression was suggested on acute addition of 
various AR ligands, although a low level of AlARs was identified m 
radioli gani.i binding studies. Treatment with adenosine deaminase 
suggested that human ASM cultures secrete adenosine that feeds back 
on A(^.b)AR3 and regulates basal cAMP levels as well as a small degree of 
A(2b)AF, t.eta(2)AR, and prostaglandin E{2) receptor desensitization . When 
subjected to chronic treatment with AR agonists or agents that enhance 
accumular Li'n of endogenous, extracellular adenosine, a dual effect of 
A{2b)A? (>- sensitization and adenylyl cyclase (AC) sensitization was 
observed. This AC sensitization was eliminated by pertussis toxin and 
partially reversed by the AlAR antagonist 8-cyclopentyl-l , 3-dipropylx 
anthine/ -:-ggesting a contributory role for the AITVR . Overexpression of 
AIAP.s and A{2b)ARs in human ASM cultures resulted in differential effects 
on basU, ...Zionist-, and AC-mediated cAMP production. These data demonstrate 
that num..:. ASM is a direct target of exogenous and autocrine 
adenosine , with effects determined by differential contributions of 
A {2b) am.; Al adenosine receptors that are time-dependent. 
Accordingly, the relative distribution and activation of AR subtypes in ASM 
in vivo may influence airway function in diseases such as asthma and 
warrant -o-sideration in therapeutic strategies that target ARs or alter 
nucleotide/ nucleoside levels in the airway. 



2/3,AL/i3 (Item 10 from file: 155) 

DIALOG i R) ?^i:e 1 5 5 : MEDLINE ( R ) 



in C6BU-1 cells: 
stimulation of 



Fukushima Medical 
76 (3) p872-80, 



11002621 21103886 PMID: 11158259 

Beta, ga]Tim-.-methylene ATP-induced cAMP formation 
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The mecha:iism underlying beta, gamma-methylene ATP (beta, gamma-MeATP) -indu 
ced :AM? elevation was investigated in rat glioma C6Bu-l cells. 
Beta, ghmma-MeATP increased f orskolin-stimulated cAMP formation in a manner 
sensitive t". both the PI antagonist xanthine amine congener (XAC) and 
the P2 antagonist pyridoxalph9sphate-6-azophenyl-2 ' , 4 ' -disulf onic 
acid iPPAD.i"). Adenosine deaminase (ADA; 1 U/mL) , which abolished the 
adenosine -induced response, did not eliminate the 

beta, gamma-MeATP-mduced response. However, combination of TVDA with 
alpha, i: eta-methylene ADP /( alpha , beta-MeADP ) , an ecto-5 » -nucleotidase 
inhibitor, blocked the / beta, gamma-MeATP-induced response. AMP, the 
substr:*ce f r ecto-5 ' -nucl^^'otidase, also induced cAMP formation in a manner 
sensitive t o liAC and alph'a , beta-MeADP inhibition. However, the AMP-induced 
response '^/as not blocked by PPADS. HPLC analyses revealed that 
adenosine v/as generated from beta, gamma-MeATP and AMP. In addition, 
alpha, i: eta-MeADP inhi)6ited the conversion of beta , gamma-MeATP and AMP to 
adenosine. whereas /pADS blocked adenosine formation from 
beta, g .mm i-MeATP hut not from AMP. [ 3H ] Adenosine generated from 
[3H]AM: wao preser/ed on the cell surface environment even m the presence 
jf A2A. The miWAs for ecto-phosphodiesterase/pyrophosphatase 1 (EC 
3.1.4..), ecto-5 /-nucleotidase (EC 3.1.3.5) and adenosine A2B 
receptdr were dfetected by RT-PCR. These results suggest that C6Bu-l cells 
possess ecto-er/zymes converting beta, gamma-MeATP to adenosine, and 



the Iccallv accumula tec^adenosine m this mechanism ^ficiently 



i^^f ic 

stimul.ites A2B receptors^B a manner resistant to exogeno^WUDA 
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A3 adenosine receptor activation triggers phosphorylation of 
protein kinase B and protects rat basophilic leukemia 2H3 mast cells from 
apoptosis. 
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Adenosine accumulates to high levels in inflamed or ischemic 
tissue^; anr: activates A3 adenosine receptors (ARs) on mast cells to 
triggei d^-'.rr anulation . Here we show that stimulation of rat basophilic 
leukem-.a (RBL)-2H3 mast-like cells with the A3 AR agonists 

No- f - jd'j ]:-enzyi-5 ' -N-methylcarboxamidodoadenosine (IB-MECA; 10 nM) or 
inci-m- microM) stimulates phosphorylation of protein kinase B (Akt). 

I B-ME microM) also causes a >50l reduction in apoptosis caused by 
exp^'su:-- ' I RBL-2H3 cells to UV light. Akt phosphorylation is not 
stimuLnt'E!^:! by 100 nM N6-cyclopentyladenosine ( Al-selective ) or CGS21680 
(A2A-sele .1 ve) and is absent m cells pretreated with wortmannin or 
pertussis t'?>:in. The KI values of the AR antagonists BW-1433 and 
e-sulf'.-phenylt heophyllme (8-SPT) were determined in radioligand binding 
assays fji: all four subtypes of rat ARs: BW-1433 (Al, 5.8 +/- 1.0 nM; A2A, 
240 ^ - ; A2B, 30 +/- 10; A3, 12,300 +/- 3, 700); 8-SPT (Al, 3.2 

+ /- 1.. mi'.roM; A2A, 57 +/- 4; A2 ) , 2.2 +/- 0.8; A3, >100). BW-1433 and the 
A3-sel^-.ccive' antagonist ?^RS1523 (5 microM) , but not 8-SPT (100 
microM) , blcick IB-MECA-induced protection from apoptosis, confirming the A3 
AR as the mediator oi the antiapoptotic response. The data suggest that 
adenosine and mosine/ activate Gi-coupled A3 ARs to protect mast 
cells fmri apoptosis/by a pathway involving the betagamima subunits of Gi , 
phosph...: idylmositol /3-kinase beta, and Akt. We speculate that activation 
of A3 A?.i on mast/ cells or other cells that express A3 ARs (e.g., 
eosmo; 'h L i:r i may facilitate their survival and accumulation in inflamed 
tissue... / 
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i. We n\"--- investigated the effects of inflammatory mediators on visceral 
afferent dioL:harge and afferent responses to bradykinin (BK) m rat jejunum 
using a novel in vitro technique. 2. Prostaglandin E2 (1 microM) augmented 
responses BK without affecting basal firing, while histamine (100 

microM) and adenosine (100 microM) activated basal discharge and 



enhanced EK responses .^^n contrast, 5-HT (100 micro|^increased basal 
discharge vathout mfjM^cing responses to BK . 3. ^Bfcerent discharge 
induced by histamine inhibited by both HI (p^^^amine) and H3 

(thioperami<;e) but not H2 (ranitidine) receptor antagonists at 10 microM. 
In contra.-*:, sensitization to BK induced by histamine was inhibited by 
ranitidine (10 microM) . 4. Afferent discharge induced by adenosine 
was r.lDck- d by the Al receptor antagonist DPCPX (10 microM) but 
remam-d i.:. affected by A?A receptor blockade with ZM241385 (10 microM). In 
contra.rt, .sensitization of- BK responses by adenosine was unaffected 
by b . th .vntagonists. Basal discharge and BK-induced responses were 
unaf fe -ted the A3 receptor agonist IB-MECA (1 microM) . While involvement 
of A2B i:e;:eptors is not excluded, adenosine may activate 
affere: t o i -r-harge through Al receptors, while sensitization to BK could 
involv a leceptor other than Al , A2A or A3, possibly the A2B 
recept r. Inhibition of cyclo-oxygenase with naproxen (10 microM) 

prevented .sensitization after histamine but not adenosine - 6. 
Sensitizat.1 :.n was mimicked by dibutyryl cAMP. This occurred without changes 
m bai-.aL firing and was unaffected by naproxen. 7. In conclusion, afferent 
dischar.:fe .nduced by BK is augmented by histamine, adenosine and 
PGE2, bnt not by 5-HT. Evidence suggests that sensitization involves 
separa^- m^--iianisms from afferent activation. Sensitization may be mediated 
by in-iea.--s in cAMP following direct activation by mediators at the nerve 
termin.-il ::r through indirect pathways such as the release of 
p r o s t a 1 a nci ins . 
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present study was undertaken to determine the role of 
m mediating the cellular responses to hypoxia in rat 
:'yto;na (PC12) cells, an oxygen-sensitive clonal cell line. 2. 
^:nscriptase polymerase chain reaction studies revealed that PC12 
-ss adenosine deaminase (the first catalysing enzyme of 
•.eqradation) and the A2A and A2B adenosine 

but not the Al or A3 adenosine receptors. 3. Whole-cell 
-md voltage-clamp experiments showed that adenosine 
tlie hypoxia-induced membrane depolarization. The hypoxia-induced 
-..f the voltage-sensitive potassium current (IK(V)) was markedly 
i'V adenosine. Furthermore, extracellularly applied 
increased the peak amplitudes of IK(V) in a 
Independent manner. This increase was blocked by pretreatment 

ath a non-specif ica denosine recep t or antagonist, 

rphylline '^Js-PTjZZ but also with a selective A2A~~ receptor 

, — ZMZTTl^^. 4. Ca2+ imaging studies using fura-2 
yl ester (fura-2 AM) revealed that the increase in intracellular 
during hypoxic exposure was attenuated significantly by 
Voltage-clamp studies showed that adenosine 
the voltage-dependent Ca2+ currents (ICa) m a 

■:in-dependent fashion. This inhibition was also abolished by both 
ZM241385. 5. The modulation of both IK(V) and ICa by 
was prevented by intracellular application of an inhibitor 



of prctem kinase A ^1^)/ PKA inhibitor fragment ^^-22) amide. In 
additic.n, the effect ofl^enosine on either IK(V) or IC^^s absent 
in PKA- def icient PC12 cens . 6. These results indicate tnlrc the modulatory 
effects of adenosine on the hypoxia-induced membrane responses of 
PC12 cells are likely to be mediated via activation of the A2A receptor, 
and that the PKA pathway is required for these modulatory actions. We 
propose ihat this modulation serves to regulate membrane excitability m 
PC12 cells and possibly other oxygen-sensitive cells during hypoxia. 
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This st^udy aimed to evaluate the role for adenosine A2A receptors 
in the auLC' re«:;ulatory vasodilation to hypotension in relation with cerebral 
blood fljv/ (CBF) autoregulation in rat pial arteries. Changes in pial 
artery diameters were observed directly through a closed cranial window. 
Vasodi 1 atic.r. induced by adenosine was markedly suppressed by ZM 
241385 (1 micromol/1, A2A antagonist) and alloxazine (1 micromol/1, 
A2B antagonist ) , but not by 8-cyclopentyltheophylline {CPT, 1 
micromcl/1, Al antagonist) . CGS-2 1 680-induced vasodilation was more 
strongly inhibited by ZM 241385 (25.3-fold; P<0.05) than by alloxazine. In 
contract , e ' -N-ethylcarboxamido-adenosine (NECA) -induced vasodilation 
was m'ire pirominently suppressed by alloxazine (12.0-fold; P<0.001) than by 
ZM 24J::r:5. The auto r egul a to r y vasodilation in response to acute hypotension 
of the pial arteries was significantly suppressed by ZM 241385, but not by 
CPT and a lloxazine. Consistent with this finding, the lower limit of CBF 
autoregulation significantly shifted to a higher blood pressure by 1 
microm.-1/l of ZM 241385 (53.0 + /-3.9 mm Hg to 69.2 + /-2.9 mm Kg, P<0.01) and 
1"! mi^ corao:/: of glibenclamide (54.7+7-6.5 mm Hg to 77.9+7-4.2 mm Hg, 
P jj.OOi), jiut not by CPT and alloxazine. Thus, it is suggested that 
adenosine-irduced vasodilation of the rat pial artery is mediated via 
activation of adenosine A2A and A2B receptors, but not by Al 
subtype, and activation of adenosine A2A receptor preferentially 
i:ontrii:'Ute;r. to the autoregulatory vasodilation via activation of 
ATP"sensitive K+ channels in response to hypotension and maintenance of CBF 
aut ore'H^ulati on . 
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1. Th^ modulation voltage-dependent Ca2+ ^|^ents (ICa) by 

adenosine was investi^Pted in magnocellular neurcMfc acutely 
dissociated from the rat hypothalamic supraoptic nucleus TSON} by using the 
whole-cell patch-clamp technique. 2. Adenosine dose dependentiy and 
reversirl;' inhibited ICa elicited by depolarizing voltage steps from a 
holdm; ]..:tential of -80 mV to potentials ranging from -30 to +20 mV. The 
mean - .-.e.m,) maximum inhibition rate was 36.1 +/- 4.1 % (n = 6) at -20 

mV an: ■ EC50 was 9.8 x 10-7 M (n = 6). 3. The inhibition of ICa by 

adenosine v/as completely reversed by the selective Al receptor 
antagonist 3 -eye lop en t^L. the o_^^ and was mimicked by the 

selective Al" receptor agonist N 6-cyclohexyladenosine (CHA) . 4. The 
inhibition by CHA was strongly reduced when ICa was inhibited by 
omega-con^'t oxm GVIA, a blocker of N-type Ca2+ channels. 5. The 
adenosine -.induced inhibition of ICa was largely reversed by a 
depolar: z:n'-: prepulse to +150 mV for 100 ms, which is known to reverse the 
mhibir. i on of Ca2+ channels mediated by G-protem betagamma subunits. n. 
The adenosine receptor-mediated inhibition of ICa was not abolished 
by mtia'-ellularly applied preactivated pertussis toxin (PTX). 7. Using 
immunohis - .:--:hemistry, Gzalpha-like immuno reactivity ( a PTX- resistant 
inhibitor" L^-protem) was observed throughout the SON. 8. These results 
suggest. ih...t adenosine modulates the neuronal activity of SON 
neurone-. ::■•/ inhibiting N~type voltage-dependent Ca2+ channels via Al 
recepto:s v;hich are coupled to PTX-resistant G-proteins. 
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We inv".i.r igated the role of the cAMP link to the signal transduction 
mechan:...in >:.upled with adenosine A(2A) and A(2B) receptors in 
culture:! h iman coronary artery endothelial cells (HCAEC) and porcine 
coronary artery endothelial cells (PCAEC). 2-[4-[2- 

2-[ ( 4-amL:.^:')'henyl ) methylcarbonylammo] ethylaminocarbon yl eth yl ] phenyl ] eth 
ylamino-5' ^' ethylcarboxamidoadenosine { ( 125 } I-PAPA-APEC) (PAPA-APEC) was 
used *■ J 'mDnstrate the specific binding in PCAEC membranes. The specific 
bindm I v,;.-: .:: i'^urable and reversible with a maximal number of binding sites 
(B(max ■ 240 fmol/mg protein, and scatchard analysis revealed a single 

class 'jf ;:>inding site with an equilibrium dissociation constant (K(d)) of 
1 . 17 + - 0 . 035 nM. In competition experiments, adenosine receptor 
agonisr.v .showed the following order of potency {based on IC(50)): 
5 ' - (N-ethylcarboxamido) adenosine (NECA) >/= CGS-21680 > 

2-chloroade::03ine . This order appears to be consistent with the A (2) 
adenosine receptor classification. We also studied the effects of 
adenosine agonists on the accumulation of cAMP as an indirect 
approach t :) show the presence of functional A(2) receptors. Similarly, the 
same adenosine agonists ( 1 0 ( - 7 } - 1 0 ( - 4 ) M) elicited the production of 
cAMP m intact endothelial cells m a dose-dependent manner, exhibiting 
::onsist-n^^ly with the A(2) adenosine receptor classification. A 
selecti^^'5 A(2A) adenosine receptor _aLn tagoni s t __[ZMz_g_Ai 3 8 5, 
10 (-8) M' SI gMfrc"an03rTrmTbrted the"effect of CGS-21680 on cAMP but only 
partly mhihated the effect of NECA, suggesting the presence of both A(2A) 
and A(2B) receptors. Western blot analysis further showed the 
immunoreactivity of A(2A) and A(2B) receptor at 45 and 36 kDa, 



respectively, m both HC^r: and PCAEC. Direct evidence f^^he presence of 
A(2A) and A(2B) recej^^rs in cultured HCAEC and flP^ reverse 

transcription-polymerase^Rain reaction (RT-PCR) , rev^^ed expected PGR 
product sizes (205 and 173 bp) for A(2A) and A(2B) receptors m HCAEC and 
PCAEC, resf'ectively . The data show that adenylate cyclase-coupled 
adenosxne A(2A) and A(2B) receptors are present in coronary 
endothelial cells. 
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The present study was undertaken to determine whether rat carotid bodies 
express' adenosine (Ado) A(2A) receptors and whether this receptor is 
involved ir, the cellular response to hypoxia. Our results demonstrate that 
rat carot^c bodies express the A(2A) and A(2B) Ado receptor mRNAs but not 
the A{^' or A (3) receptor mRNAs as determined by reverse 
transcL ip::a-e-polymerase chain reaction. In situ hybridization confirmed 
the expres.rion of the A(2A) receptor mRNA. Immunohistochemical studies 
further shoved that the A(2A} receptor is expressed in the carotid body and 
tnat l :i colocalized with tyrosine hydroxylase in type I cells. Whole 

ceil -.■:.L-.r..;:e-':-lamp studies using isolated type I cells showed that Ado 
innibL^ -rd rh- voltage-dependent Ca{2 + ) currents and that this inhibition 
was al:):Li3hed by the selective A ( 2Aj^_r eceptQr antaqqni st ZM-2j 4j^85^. 
Ca(2+) Lmacmg studies usmg^^fura 2 revealed that exposure to severe 
hypoxia induced elevation of intracellular Ca(2+) concentration 
( [Ca (2 + ) ] ; 1 ) 1 m type I cells and that ext racellularly applied Ado 
significantly attenuated the hypoxia-mduced elevation of [Ca(2+)](i). 
Taken together, our findings indicate that A(2A) receptors are present m 
type I cells and that activation of A(2A) receptors modulates Ca(2+) 
accumulation during hypoxia. This mechanism may play a role m regulating 
int racel lulc-r Ca(2 + ) homeostasis and cellular excitability during hypoxia. 
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Apoptosis of arterial smooth muscle cells (ASMCs) could play an important 
role m the pathogenesis of atherosclerosis and restenosis. Recent studies 
have .liemonstrated that extracellular adenosine induces apoptosis m 
various cell types. Our aim was to~^ delineate the capacity of this 
nucleoside to induce ASMC apoptosis in arterial diseases. We demonstrate 
that adenosine dose-dependently triggers apoptosis of cultured human 



ASr4Cs. Av-:^p\ ozic cell d^^h was quantified by analysis o^^uclear chromatin 
morphology and charj^brized by DNA laddering. l^B involvement of 
adenosine receptors was^^ggested, because neither an adOT&sine 

deaminase inhibitor, erythro-9- ( 2-hydroxy-3-nonyl ) adenine hydrochloride, 

nor an inhibitor of cellular nucleoside transport, dipyridamole, was able 

to inhibit adenosine -induced ASMC apoptosis. In contrast, an 

A ( i ) /A ( 2 ) -adenosine receptor antagonist , xanthine amine 

congener, tc tally inhibited adenosine- induced apoptosis. Furthermore, 

among more selective inhibitors of P(l) purinoceptor subtypes, only 

alloxazirie, an antagonist of A(l)- and A ( 2 ) -adenosine 

recept':)rs, completely inhibited adenosine-mduced ASMC apoptosis, 
suggestma that adenosine triggers ASMC apoptosis via either 1 or 
both of' rhese receptors. However, 8-cyclopentyl-l , 3-dipropylxanthine, 
8- (3-chLorc.:5 tyryl) caffeine, and 3-ethyl- 5-benzyl-2 -methyl -4-phenylethynyl- 
e-phenvl 4- (+/-) -dihydropyr idine- 3 , 5-dicarboxylate, which are A(l) -, 
A(2a)-^ anc: A ( 3 ) -adenosine receptor antagonists, did not inhibit 
adenosine -induced apoptosis, suggesting an involvement of the 
A(2b) - ::e.::ef'*:or m this process. Moreover, the cAMP increase followed by 
cAMP-d^'peA'Xi-.nz protein kinase activation appears essential to mediate 
adenosine -^Liiciuced ASMC apoptosis, thus confirming the previous 
h-;rjotr:-.: 1.:- . These results indicate that adenosine- induced apoptosis 
of ASi;;:i^ IS essentially mediated via A { 2b ) -adenosine receptor and 
lnvolv^^.^ a .-Al-IP-dependent pathway. 



2/3,AB/i:^ (Item 19 from file: 155) 

EHALOG-: P.) r'l le 155 :MEDLINE (R) 

1 05797, :0 : 0 L91635 PMID: 10725262 

The ro.]-^ of adenosine receptors in the action of theophylline on 
human perijj'heral blood mononuclear cells from healthy and asthmatic 
sub] ect s . 

Landello LJ; Jensen MW; Orr LM; Spina D; O'Connor BJ; Page CP 

Sackler Institute of Pulmonary Pharmacology, Division of Pharmacology and 
Therapeut , GKT School of Biomedical Sciences, King's College London, 
Guy's ;ampi..:, London Bridge, London SEl 9RT, UK. 

British ;::urnal of pharmacology (ENGLAND) Mar 2000, 129 (6) pll40-4, 
ISSN 000 7-;] 88 Journal Code: BOO 

Lang.iage.-:; : ENGLISH 

r»ocu];iea:: : ype : Journal Article 

r.eco ;. i e : Completed 

L. Tr.e : Lm of the present study was to investigate the role of 
adenosine A2b receptors m the anti-proli f erative action of 
theophvl liri-r m human peripheral blood mononuclear cells (HPBMC) from 
healthy an.:^ asthmatic subjects. 2. Theophylline significantly inhibited 
PHA-in'iuced proliferation of HPBMC from both healthy and asthmatic donors^ 
but only at relatively high concentrations at 1 mM f P<0. 05 ) (rf^ nprophy Oline , 
a drug[_wnj^;:r: also acts as a no n- selecti ve_ pho . '=^rh odi est e r a^ — LEP_E ) inhibitor 
^n(;i IS a ,-^i^^Tect Tye "A2b re^^ antagonist, had no significant ~' ' 

efTect orTlTro life rat ion of cells from either group at concentrations up to 

10 miorDM (P>0.05; n=6). 3. Adenosine deaminase (2 u ml(-l)), which 
metabolizes adenosine, had no significant effect on PHA-induced HPBMC 
proliferation over a range of concentrations (0-8 microg ml(-l)) in cells 
from eirOaer healthy or asthmatic subjects. 4. The adenosine receptor 
agonists n ( 6 ) -cyclopentyladenosme (CPA, Al-selective ) and 

5 . _^j_e':ayl rboxami'doadenosine (NECA, A1/A2) produced a small but 
significant inhik/ition of PHA-induced proliferation of HPBMC from healthy 
and astnmatic subjects (10 microM, P<0.05; n=6) . In contrast, 
5 ' -N-ecny I ::c; rboxamido-2- [ 4- (2-] carboxyethyl ) phenethyl] adenosine (CGS2 
1680, A2a-selective) was without__sj^rii f leant effect (P>0.05; n=6). 5. The 
adenosine Le :eptor a ntaqonist^^g^oxa ziji^ (A2b- selective ) ^ 

h,:td :i3 .sit^ni f leant eTf^ci^^ -^CNTtTTle 8T3-chl oros tyryl) caffeine, (CSC, 
A2a-sei.ect2 ve) significantly inhibited PHA-induced proliferation of HPBMC 
from ojth groups (P<0.05; n=6). 6. Our results suggest that endogenous or 
exogenous adenosine has little effect on the proliferation of HPBMC 



obtained from healthy o^^thmatic subjects. Thus it wou^^ppear that the 
effect L'f high con'^^rat ions of theophylline is^B^t related to 
adenosine receptor antagofffsm. 
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The aim cf this study is to elucidate the role of adenosine in the 

motor fuur-:ion of the gumea-pig distal colon. 2 To determine whether 
adenosine receptors and A(2B} receptors are expressed in the 

gumea-pLM colon, we employed the reverse transcription-polymerase chain 
reacti:!'!. , ?.T - PGR). The gene expression of A(l) receptor and A(2B) 
recept'M wc..: found for the first time m the guinea-pig proximal and distal 
colon.: Adenosine A(l) agonist N ( 6 } -cyclopentyladenosine (CPA), and 
A ( ] ) /A ; 2 I ,^.::c:llst 5 ' -N-ethylca rboxamidoadenosine (NECA) concent ration-depen 
dently Lul.ibited neurogenic responses to electrical field stimulation 
(EC" ( ^.0 ^ - L . 'J ."xiO (-8 ) and 2. 12x10 (-8} M) in the longitudinal muscle, but 
A ( 2A) a joi\i::Z 2-p- ( 2 - carboxyethyl ) phenyl ethyl amino- 5 ' -N-ethycarboxamido-ad 
enosme : '::':tS2 1680 ) had only a slight inhibitory effect (25.9^^, 1 microM) . 

AdJ antagonist 8 -cyclopentyl- 1 , 3-dipropylxanthine (DPCPX, 10 nM: 

KVlT >el---*-ive concentration) antagonized responses to CPA and NECA. 
Furthermore, the affinity order of antagonists at inhibiting the effect 
NECA was: EiPCPX>8-phenyl theophylline (8-PT: A ( 1 ) /A ( 2 } antagonist) . 3 
In the tjr-^.'sence of tetrodotoxin (TTX, 0.3 microM) , CPA and NECA relaxed 
myogenic ^ precontraction induced by KCl (50 mM) ( EC ( 5 0 ) =1 . 2 6x1 0 ( - 5 ) and 
1.04x10 M, respectively), but CGS21680 (1 microM) did not cause any 

relaxation. DPCPX did not affect responses to CPA and NECA at a 
concenr ra:,: :n of 10 nM, but a higher concentration (1 microM) of DPCPX and 
10 mii'r^M ot 8-PT antagonized those responses, 5 These data lead us to the 
hypothesis that adenosine may mediate relaxation through two 
different inhibitory receptor subtypes; A{1) receptors on the enteric 
neuron auil A(2B) receptor on the smooth muscle in the guinea-pig distal 
col<Dn . 
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1. The adenosine receptor suirt^pe mediating adenosine 3' : 

5'-cycli- monophosphate (cyciio^ AMP) formation and the effect of its 



activatioi-i on endothe^^-i (ET-l) secretion were st||died in primary 
cultures of tracheal e^^elial cells. 2. Adenosine anaBBues showed 
the following rank orde^of potency (pD(2) value) and in^^nsic activity on 
the generation of cyclic AMP by tracheal epithelial cells: 
5'-N-ethylcarboxyamidoadenosine (NECA, A ( 1 ) /A ( 2A) /A ( 2B) , pD ( 2 ) : 

5.44+/-0. iri) >adenosine (ADO, non selective, pD(2): 4.99 + /-0. 09; 
7i+/_q or UECA response) >/^2-Cl-adenosine (2CAD0, non selective, 
pD(2): 4 . "^2-,''-0 . 14; 65 + /-9^^^ of NECA response ) >:>>CGS2 1 68 0 (A(2A); inactive 
at up Z'.' LOO microM) . 3. Cyclic AMP formation stimulated by NECA in 
gumea-f^'i tracheal epithelial cells was inhibited by adenosine 

^ recep_ t o r antagonist with the fol lowing _£ rder of appare nt affinity 

(pA{2)~~ viTTuel : X^rrbiru ie amin e congeners {XAC, A(2A)/A(2B), 

7.8':- + /-0, j2) >i:GS15943 { A ( 2A) /A { 2B )"T^ 7 . 2 4+7^^oT~~ 2b)>ZM241385 (A(2A) , 

i;, . 6- + / : >:jPCPX (A{1), 6,51 + /-0. 14 ) >3n-propylxanthine (weak A(2B), 
, 3.. + ,' This _ ^ank order of potency i s typical for A(2B.I_- 

^i^ ^n^g-i :>-ceptor . _ 4. Adenosine decreased basal and 

LPS-stimu : ated irET production in a concentration-dependent manner. 
Moreover, NECA but not CGS21680 inhibited LPS-induced irET production. 5. 
The inhibitory effect of NECA on LPS-induced irET production was reversed 
by MAC (pA',2 ^ =8 . 84 + /-0. 12) andDPCPX (pA ( 2 ) -8 . 10 + /-0 . 22 ) . 6. These results 
suggested chat adenosine increased cyclic AMP formation and inhibited 
irET pr ?':luct lon/secretion by guinea-pig tracheal epithelial cells through 
the activation of a functional adenosine receptor that is most likely 
the A [IB) subtype. This adenosine receptor may be involved m the 
regulation cf the level of ET-l production/ secretion by guinea-pig tracheal 
epithelial cells in physiological as well as m pathophysiological 
condi ti '-.iriS , 
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This study was aimed to investigate the underlying mechanism of 
vasodilatiC'H induced by the activation of A(2B) adenosine receptors 
m relatiM", to cerebral blood flow (CBF) autoregulation. Changes in pial 
arterial '.liameters were observed directly through a closed cranial window. 
N(omeija) -nit r.i'-L-arginine methyl ester (L-NAME, nitric oxide synthase 
inhibit or significantly suppressed the concentration-dependent 

vasodil ati Ji-s induced by adenosine and 5 ' -N-ethylcarboxamido- 
adenosine (NECA) but not the vasodilation by CGS-21680 

{A {2A) - recej: t'jr agonist). Moreover, NECA-induced vasodilation was 
suppressed i: y alloxazme (1 micromol/1) but not by ZM-241385 (1 micromol/1, 
A(2A) antagonist ), which suggests mediation by A(2B)- receptor 
artivatiju. otherwise, the level of nitrite/nitrate was concentration 
depend-n:_y increased in the artificial cerebrospinal fluid (CSF) when 
adenosine and NECA were suffused over the cortical surface. L-NAME 
and ailDxazme, but not ZM-241385, largely inhibited their releases. The 
lower limit of CBF autoregulation was little affected following 
pretreatment with L-NAME or alloxazine. Thus it is suggested that 
adenosine-mduced vasodilation via activation of A(2B)- 
adenosine receptors of the rat pial artery is coupled to the 
productijM c:f nitric oxide, which contributes little to CBF autoregulation. 
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Padi : lat^^'led ZM 241385 ( 4- ( 2- [ 7 -amino-2 - furyl 1,2,4 triazoio 2,3-a 1,3,5 
triazm -5-v'laminoethyl)p henol), has previously been used as a high 
affinity r.idioligand for the labeling of A2A adenosine receptors in 
.::ell m-!i±r :nes. Another subtype, the A2,B receptor, is the least 
weil-def : 1..^.: subtype of adenosine receptors and lacks selective 
jjharma probes. In the present study, we have used [3H]ZM 241385 as 

La w .. :.-i:,d to label recombinant human A2B adenosine 
recep- :\ .\ : n HEK-293 cell membranes, that do not express A2A 
adenosine receptors, and found that the pharmacological profile is 
consistent with the SAR of A2B receptors. Saturable, specific binding 
(Kd :■ . '-I ::M, Bmax 4.48 pmol/mg protein) that was best described by a 
one-site m-.-del was found, and specific binding was approximately 75% of 
rotal r. i iid^n.ir . [ 3H] ZM 241385 binding was displaceable by a large number of 
compou:.d.:. k::own to interact with A2B receptors; thus, this method has 
promis- as a tool m the search for agonists and antagonists selective for 
this suntype. Xanthine analogs, which are antagonists, proved to be the 
most t'Otent displacers. The Ki of XAC, xanthine amine congener, was 12.3 
nM, while CPX ( 8 -cyclopentyl- 1 , 3-dipropylxanthine ) was less potent. The 
non-selec- .-.-e triazoloquinazoline antagonist CGS 15943 (Ki 16.4 nM) , 
which \ ,:imilar m structure to ZM 241385^,.-_wa^.-.slightly less potent than 
XAC. Ti i^ n ..n -x^nthi ine A2B-antaaonist (^alloxazm^ .^ displa ced 
[ ::H]ZM S4 . o 5 -binding with a Ki of ^52 nM,''sTmilar to its affinity m 
f uncti -i: assays. Adenosine derivatives known to activate this 
recept:: .s ihrype, such as NECA ( 5 ' -N-ethylcarboxamidoadenosine ) and R-PIA 
!N6-ph-^:\y: i : ■:propyladenosine) , were considerably less potent than the 
subs: i J - xanthines examined. 
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Characterization of human A(2B) adenosine receptors: radioligand 
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ReconLMii.-int human A{2B) adenosine receptors (A(2B)ARs) and 
t e::ept jrs -^x tended on the amino terminus with ^hexah istidme and the J^LAG 
-pLtop-',_^IVi21^:iL)DD?: (H/F-A{2B)) were stably over expressed (To'^TO ,000 f mol / mg 

pri't'eiT) "lilm^an embryonic kidney 293 cells (HEK-A(2B)). By Western 

t.dotti:;g, tne H/F-A(2B) receptor runs as a 34.8-kDa glycoprotein. 
Pharma 3lci.:fical properties of A{2B)ARs were characterized with 



(12 5) I-3-aminobenzyl-8-5^^iyl- {4-oxyacetic acid) - l-propy]^^nthine (K(D) , 36 
nM) . In ccmpetition bir^^g assays, the affinity of agojjMks is reduced by 
substitution on eithei^he N(6)- or the C-2 position o^Kie adenine ring, 
whereas 5 '- substitutions increase affinity, resulting m the potency order: 
5 . -N-ethylcarboxamidoadenosine (NECA) » N ( 6 ) -aminobenzyl-NECA 

approximately 2 -chloroadenosine > 2- [ 4- ( 2-carboxyethyl ) phenethylamino ] -NECA 

(CGS21-30^ IM 6) -aminobenzyladenosine . The A(2B)AR is potently blocked by 

the A(2A'' -selective antagonist 4- [ 2- [ 7-amino-2- [ 2-f uryl ] [1,2, 
4 ] tria.ic'iTj"- [2 , 3-a] [ 1, 3, 5] triazin-5-yl-amino ] ethyl ) phenol (ZM241385; K ( I ) , 
32 nM for A;2B), 1.4 nM for A(2A)) and the A(l) selective antagonist 
8-cyclopentyl-l, 3-dipropylxanthine (K(I), 5^5 nM for A(2B) ; 2.5 nM for 
A(l)). The K(I) values for the antiasthmatic xanthines, theophylline (7.8 
microM) and enprofyllme (6.4 microM) , are below their therapeutic plasma 
concentrations (20 to 50 microM), and agree with K(I) determinations for 
inhibition c-f NECA-stimulated cAMP accumulation in HEK-A(2B) cells. NECA or 
N(6) - (2--iod<-: ! benzyl-S ' -N-methylcarboxamidodoadenosine (IB-MECA) stimulate 
inositol t risphosphates and calcium accumulation in HEK-A(2B) or HEK-A(3) 
cells, resj.ectively, but only the A(3} response is prevented by pertussis 
toxin. In human HMC-1 mast cells, A(2B)AR activation stimulates calcium 
mobilizatior. and cAMP accumulation. We conclude that HEK-A(2B) cells and 
HMC-1 mast :ells possess A(2B)AR glycoproteins that are coupled to both 
G(q/ll and i^t ( s ) . 
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PC12 cells are genetically labile and so-called wild-type cells comprise 
multiple subclones. We have examined the A2A adenosine receptor 
signal transduction pathways in four such clones (denoted clones 1, 19, 21 
and 27) of PC12 cells. Adenosine A2A, A2B and Al receptor mRNAs 
were d^-tect>-d m all four clones by RT-PCR, whereas no A3 receptor mRNA was 
found. A2A receptors were quantitated by radioligand binding using the 
antagonist radioligand [3H]SCH 58261 ( [ 3H] -5-amino- 7 ( 2-phenylethyl ) -2 
- {2-furyl ^ -pyrazolo [4, 3-e] -1, 2, 4 triazolo [1,5-c] pyrimidine) . The Bmax was 
highest in clone 1 followed by clones 21, 19 and 27. Whereas the amount of 
G{i) fjrirvein appeared similar m all four clones, the amount of G(s} 
protein • /a r higher in clones 21 and 27 than in the other two clones. 
M.HMima: ::e;pDnses to the non-selective adenosine analogue NECA 

(:i ' -N--'*:.nvl : arboxamidoadenosine) were similar to those observed with the 
selective adenosine A2A receptor agonist CGS 21680 

(2- [p- ,2- ::arbonylethyl) phenylethylamino] -5 ' -N-ethylcarboxamidoadenosine ) , 
and were approximately equal in clones I and 21, but lower in clone 19 and 
very low m clone 27. For both compounds EC50 was significantly higher in 
clone 27 than m clone 1. In both clones the response to NECA could be 
competiti\^ely antagonized by a selective adenosine A2A 
antagonist, SCH 58261. The present results show that different clones 
of PC 1^ cells differ widely in the cAMP increase induced by 
adenosine analogues and that this is due to differences in the amount 
of adenosine A2A receptor, G protein and effector. A large difference 
in recept;.)r number resulted m differences in potency of an agonist. 
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i . Trie receptor subtype and mechanisms underlying relaxation to 
adenosine ^^ere examined in human isolated small coronary arteries 
L-:rr,tra:': ^v'd with the thromboxane A2 mimetic, 1 , 5 , 5-hydroxy- 1 lalpha , 
-alpha ( -^pc xymethano) prosta-5Z, 13E-dienoic acid (U46619) to approximately 
■50^^ of th^-ir maximum contraction to K+ (125 mM) depolarization (Fmax). 
Relaxations were normalized as percentages of the 50% Fmax contraction. 2. 
Adenosine caused concentration-dependent relaxations (pEC50, 
5 . :'-^5 + /-0 . 20; maximum relaxation (Rmax) , 96 . 7 + /-1 . 4°n ) that were unaffected 
by eit.jici combined treatment with the nitric oxide inhibitors, 
NG-nitr : -L-ar "4inine (L-NOARG; 100 microM) and oxyhaemoglobm (HbO; 20 
microM) rlie ATP-dependent ?:+ channel (KATP) inhibitor, glibenclamide (10 

microMi . Tlie pEC50 but not Rmax to adenosine was significantly 
reduced by nigh extracellular K+ (30 mM) . Relaxations to the adenylate 
ryclase acr.ivator, forskolin, however, were unaffected by high K+ (30 mM) . 

, Adenosine ' and a range of adenosine analogues, 
adenosine, 2 - ::hloroadenosine (2-CADO) , 5 ' -N-ethyl-carboxamidoadenosin 
e 'MEC^A', R {-) -N6- (2-phenylisopropyl ) -adenosine (R-PIA) , 

5{ ^ )-N-- ( :>-rrienylisopropyl) -adenosine (S-PIA) , N6-cyclopentyladenosin 
e (CPAi , :-oejxy-l- [ 6- [ [ ( 3-iodophenyl ) methyl ] amino] - 9H-purin- 9-yl ] -N-methyl 
-t.eta- L- rit L-furanuronamide (IB-MECA) , 2-p- ( 2-carboxyethyl ) phenethylamino-5 
' -N-ethyi::'aii:.oxamido adenosine hydrochloride (CGS 21680), relaxed 
art en- - v;: t a rank order of potency of NECA= 2-CAIiO >adenosine= 
IS-MEC;-. ;' -PIA= CPA > S-PIA) ;> CGS 2I68O. 4. Sensitivity but not Rmax to 

adenosine ''Uo significantly reduced approximately 80 and 20 fold by 

c.ne :\ .> v^- .-^-elective adenosine -^recepto r antagonist r 

e- (p-silphop'henyl) theophylline (8-SPT)^^d the A2 receptor antagonist 

/ -dimg-rhyl-l-propar -gyTxanthine TD'MPX) . By contrast, the Al-selective 
antagonist , 1 , 3-dipropyl-8-cyclopentylxanthine (DPCPX) had no effect 
3n pEC'jJ :r Rmax to adenosine. 5. These results suggest that 
A2B rec'zipt : rs mediate relaxation to adenos ine in h uman small 
'corona'Fy a^rt.eries "which is independent of NO buT~dependent~in part on a 
K--sens L r 1 mechanism. 
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ATP and its metabolites stimulate CI- secretion in human epithelium in 
vitro and m vivo. The specific purinergic receptor subtypes that govern 
these effects have been difficult to separate, in part due to multiple 
parallel pathways for CI- secretion m respiratory and intestinal 



epithelia. In a simpJ^^ed model using COS-7 cell^^we demonstrate 
quis.tion cf an AT^^^ ADP-, AMP-, and adenosine (Al^^ regulated 



halide p^rraeabil 1 1 y specifically following expression of wild-type (wt) 
cystic fibrosis transmembrane conductance regulator (CFTR) . This halide 
permeakili ty is blocked by the PI purinergic receptor antagonist 
■r-phenvl theophylline, sensitive to the protein kinase A inhibitor 
.;ind aJ:Sociated with a modest, dose-dependent increase in cellular cAMP 
.::oncen^: ration. Phorbol esters poorly activate halide permeability compared 
with AE'O, .^md AEiO- s t imula ted efflux was not affected by treatment with the 
protein ^.mase C inhibitor bisindolylmaleimide I. The A2 ADO receptor (AR) 
agonists 5 ' -N-ethyl carboxamide adenosine and ADO were strong 
activators, whereas the Al AR agonist R-phenylisopropyladenosine failed to 
activate halide permeability. Metabolic conversion of ADO nucleotides by 
surface ect o- 5 ' - nucl eotidase to more active {less phosphorylated ) forms 
contributes to anion transport . aqti^^tion m these cells. 
Immunol: reel}: I ration with /anti-A2B AR antibody >de nti fied a 31-kDa 
protei:\ in tC'th COS-7 and human bronchial epithelial cells . Together, these 
findinas ir.dicate that AX>0 and its nucleotides are capable of activating 
wtCFTR-defie-dent halide permeability through A2B AR and that this AR 
subtype is present m human bronchial epithelium. We also present data 
3hDwir;^:: t/r..-^t^ this pathway can activate clinically significant mutant CFTR 
niolect; : e =, t: ■ :t. as R117H. 
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Temp'irary replacement of glucose by 2-deoxyglucose (2-DG; but not 
sucros-) t^ followed by long-term potentiation of CAl synaptic transmission 
^2-DG :/r?i , which is Ca2+-dependent and is prevented by dantrolene or 
M-met.:'. /I - " r, : p :;rtate (NMDA) antagonists. To clarify the mechanism of action 
::.)f 2-:'-, :iK-nitored [Ca2 + ]i while replacing glucose with 2-DG or sucrose. 

In slices 'Irom Wistar rats) kept submerged at 30 degreesC, pyramidal 
neuron;:. were loaded with [ Ca2 + ] -sensitive fluo-3 or Fura Red. The 
fluorescence was measured with a confocal microscope. Bath applications of 
10 mM 2-ri:; (replacing glucose for 15 +/- 0.38 min, means +/- SE) led to a 
rapid but reversible rise m fluo-3 fluorescence (or drop of Fura Red 
fluorescence); the peak increase of fluo-3 fluorescence (DeltaF/FO) , 
measured near the end of 2-DG applications, was by 245 +/- 501 (n = 32) . 
Isosmolar ^.urrose (for 15-40 min) had a smaller but significant effect 
(DeltaF/FO - 94 +/- 14^, n = 10). The 2-DG-induced DeltaF/FO was greatly 
reduced [tio 35 +/- 15^, n = 16) by , -aminophosphono-vale ra te (50-100 microM) 
and abolished by 10 microM dantrolene (-4.0 +/- 2.9%, n = 11). A 
substantial, although smaller effect, of 2-DG persisted in Ca2+-free 1 mM 
ethylene alycol-bis ( beta-ammoethyl ether) -N,N,N' , N' -tetraacetic acid 
lEGTA) meaiurn. Two adenosine antagonists, which do not prevent 2-DG 
LTP, were also tested; 2-DG-induced DeltaF/FO (fluo-3) was not affected by 
the Al antagonist 8-cyclopentyl-3 , 7-dihydro- 1 , 3-dipropyl- lH-purine-2 
, 6-dione (DPCPX 50 nM; 287 +/- 38^>; n = 20), but it was abolished by the 
AI/A2 antagonist 8-SPT; 25 +/- 29?,, n = 19). These observations 
suggest thrit 2-E)G releases glutamate and adenosine and that the rise 

[Ca.^] nuiv be triggered by a synergistic action of glutamate (acting via 
NMDA receptors) and adenosine (acting via A2b receptors) 
resulting i:^. Ca2+ release from a dant rolene-sensi ti ve store. The discrepant 



effects of sucrose and^^SPT on DeltaF/FO, on the one 1^^, and 2-DG LTP, 
on the otiier, support ol^B evidence that increases in pc^^ynaptic [Ca2 + ]i 
are not e.^sential for 2-DG LTP. 
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We examined the effects of adenosine receptor agonists and 
antagonists on the discharge of mesenteric afferent nerves supplying the 
jejunum i:. pentobarbitone sodium-anaesthetized rats. Adenosine 
\o'^0<-lv m:: kg(-l), i.v.), NECA (0.3-300 microg kg{-l), i.v.) and the Al 
receptor a::onist, GR79236 {0.3-1000 microg kg(-l), i.v.), each induced 
dose-dependenr increases in afferent nerve activity and intra jejunal 
pressure, -ypotension and bradycardia. The Al receptor antagonist, 
DPCPX ( m:T kg{-l), i.v.), antagonized all the effects of GR79236 but only 
the haem.:.dynamic effects of adenosine and NECA. The A2A receptor 
antagonist, ZM241385 (3 mg kg{-l), i.v.), antagonized the hypotensive 
effe'i-t ■. MCCA but none of the effects of GR79236. The A2A receptor 
agoni^-., C^S21680 (0.3-300 microg kg(-l), i.v.), and the A3 receptor 
agonic: . I:;^-MECA (0.3-300 microg kg{-l), i.v.), each induced only a 
dose-defiend-f nt hypotension. Subsequent administration of adenosine (3 
mg kg(-i), i.v.) induced increases in afferent nerve activity and 
mtrajejunal pressure and bradycardia. ZM241385 (3 mg kg(-l), i.v.) 
antagonized the hypotensive effect of CGS21680 but not the effects of 
adenosine . Bethanechol (300 microg kg(-l), i.v.) evoked increases in 
afferent. nerve activity and intra j e^i unal pressure, hypotension and 
bradycE^rdLa . However, adenosine (3 mg kg(-l), i.v.) evoked greater 
increases m afferent nerve activity than bethanechol despite inducing 
smaller increases in intra jejunal pressure. In summary, Al and A2B 

and/or A2B-like receptors evoke adenosine-induced increases in 
mesenteric afferent nerve activity and intra:) ej unal pressure in the 
anaestr.et. LZ'rd rat. Furthermore, elevations m intrajejunal pressure do not 
wholly acco-..nt: for adenosine-evoked excitation of mesenteric afferent 
nerves . 



2/3.A:r,/::j (Item 30 from file: 155) 

DIALijO.F, 155 : MEDLINE (R) 

100350^^ -^9^30080 PMID: 9931103 

Adenosine inhibits collagen and total protein synthesis in vascular 
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The ■:ib]ective of this study was to characterize the effects of exogenous, 
drug-indU';:e' ; and cAMP-adenosine pathway-derived adenosine on 
collagen synthesis by and hypertrophy of vascular smooth muscle cells 



(SMCs) . Confluent vascu^^ SMCs were stimulated with 2 . S^^etal calf serum 
m the presence and ^Hhnce of adenosine receptor ^^Dnists [ 
adenosine. 2-chloroadenosine, N6-cyclopentyladenosine, 5 ' ^Pethylcarb 

oxamid.-^aden'js.ine, 5 ' -N-methylcarboxamidoadenosine, and 2-p- ( 2-carboxyethyl ) 
phenet]:ylamino-5 ' -N-ethylcarboxamino adenosine] , drugs that increase 
levels of endogenous adenosine [ erythro-9- { 2-hydroxy-3-nonyl ) 
adenin-, aipyridamole , and iodotubericidin] , and cAMP (increases 
adenosine oy conversion to AMP and hence to adenosine via the 
cAMP-adenosine pathway) . Adenosine receptor agonists inhibited 
fetal calf serum-induced collagen and total protein synthesis {as assessed 
by [3h: proline and [3H] leucine incorporation, respectively) with a relative 
potenc'/ profile consistent with the effects being mediated by 
adenosine A2B receptors. Erythro- 9- ( 2-hydroxy- 3-nonyl) adenine, 
dipyri'.iam':'! , lodotubericidin , and cAMP also inhibited collagen and total 
protei:. synthesis. The effects of 2-chloroadenosine , 

erythr -9 . - nydroxy- 3-nonyl ) adenine, lodotubericidin, and cAMP on 
collag-r. a;,a total protein synthesis were attenuated by KF17837 and 
1, 3~dirroi;'yl-3-p-sulfophenylxanthine (selective and nonselective A2 
receptor ^ antagonists, respectively) but not by 8-cyclopentyl-l , 
3-dipr'.'p7lx.;.nthine (selective Al receptor antagonist) . These studies 
indlca^e that exogenous, drug-induced and cA14P- adenosine 
pathw.;y-Lie rived adenosine inhibit vascular SMC collagen synthesis 
and hyper:,r :: phy via A2B receptors. Thus, e ^ogej io^ us A2B recept or 
agonists and dru g s tha t modulate endogenous adenosine levels may 
p^roTTec't _aqairLSt vasoocciusive disorders b y "arr^TTUd ting ex irr^ceTTulax-JQ-atrix 
s^ynthells'by and cellular hypertrophy "of vascular SMCs. Moreover, the cAMP- 
adenosine p..thway may protect against vascular hypertrophy. 
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To ex:^m.ine possible species differences in pharmacology, rat 
adenosine A2A receptors were studied m PC12 (pheochromocytoma ) 
cells, an':l :\uman receptors in Chinese hamster ovary (CHO) cells transfected 
with t:.e cloned human A2A receptor cDNA. Using 

[ 3H] - 5- amm ->-7 ( 2-phenylethyl ) -2- (2-furyl) -pyrazolo [4, 3-e] -1, 2, 4-triazolo 
[ I, 5-c^ pyt;i: i.idine ([3H]-SCH 58261) as radioligand, the estimated Bmax 
(maxim-.! binding) was 538 and 2085 fmol/mg in CHO and PC12 cells, 
respectively. The Kd (dissociation constant) values for [3HJ-SCH 58261 were 
1.05 and 5.6 nM in the two cell types, respectively. The order of potency 
of antagonists and most agonists was the same in both cell types, but 
2-phenyl a:tu lioadenosine and 2 -chloroadenosine were relatively less potent in 
PCL2 -ells than in CHO cells. In the functional assay, using cyclic AMP 
a - ::umu . a^ i 1 , all agonists tested were more potent in CHO than in PC12 
;:eils, o It this could not be readily explained by differences in adenylyl 
.-yclas- jr in the expression of G proteins. As in the case of binding, the 
relati\'e agonist potencies were similar for most compounds, but 
2-pheny laminoadenosine and 2-chloroadenosine were more potent at human A2A 
recept-rs m CHO cells than predicted from the data obtained on rat A2A 
recept'.'rs m PC12 cells. Antagonists were approximately equipotent in the 
two ce.Ls. These results show that, despite only small differences m amino 
acid .-equences and no difference in antagonist pharmacology, the 
relative order of potency of receptor agonists can differ between species 



homoloques r.f the adenosj^| A2A receptor. 
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Adenosine regulates tissue factor expression on endothelial cells. 
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The aim of this study was to evaluate the inhibitory activity of 
adenosine o:. tumor necrosis factor-alpha (TNF) , thrombin-, or phorbol 
12-myr i-r .^at^- 13-acetate ( PMA) -induced tissue factor (TF) expression on 
human umljilical vein endothelial cells (HUVECs) . This inhibitory effect of 
adenosine was found to be counteracted by the non- selective 
adenosine receptor (AR) antagonist , 8- ( p-sul f ophenyl ) 
trieop.h ^1 I::.ri:: . To clarify the role of TVRs (Al, A2a, A2b, and A3) in 
this regulation, we evaluated the effect of several agonists and 
antagonists specific for AR-subclass on TF expression. The selective A2aAR 
agonise , 2-p- ( 2-carboxyethyl ) phenethylamino-5 ' -N-ethylcarboxamido 

adenosine hydrochloride (CGS 21680), the A3AR agonist, 

N6-'2- (4 -ami:\ophenyl) ethyladenosme (APNEA), and the AlAR antagonist, 
1, 3-di}:aof)yI -8- (2-amino-4-chlorophenyl) xanthine (PACPX) each inhibited TF 
activity expression induced by TNF, thrombin, or PMA on HUVECs. In 
contra.^.t, t-e selective AlAR agonist, chloro-N6-cyclopentyladenosine (CCPA) 
and ti.e A.-AR antagonist , 3 , 7 -dimethyl- 1-propargylxanthine (DMPX) 
enhance.^ e .ch stimulant-induced TF activity expression. All agonist or 
antagonist ,lone did not alter the basal TF expression on HUVECs. Our 
results' su;:gest that stimulation of A2aAR and A3AR down-regulates and that 
of AlAP uv'- regulates the endothelial cell TF expression induced by TNF, 
PMA, :l t::rombin. Thus, it appears that adenosine itself may exert 
ant ico..-.gulai.t activity on vascular endothelial cells via its A2a and A3 
recept..'rs, particularly during ischemic or atherosclerotic processes which 
are kn':v;n t ■ be associated with local increased levels of adenosine. 
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NF279: a novel potent and selective antagonist of P2X 
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8,8'- ( Caroonylbis ( imino-4 , 1 -phenylenecarbonylimino- 4 , 1-phenylenecarbony 
limmo) ) bis 1, 3, 5-naphthalenet risul f onic acid) (NF279) antagonized P2X 
recept : remediated contractions in rat vas deferens, evoked by 
alpha, beta-methylene ATP (10 microM; pIC50=5.71) without affecting 
responses mediated via alphalA-adrenoceptors , adenosine Al and 
A2B receptors, histamine HI, muscarinic M3 and nicotinic receptors. 
The low inhibitory potency of NF279 on P2Y receptors in guinea-pig taenia 
coll i.pA2 = 4.iO) and at ecto-nucleotidases m folliculated Xenopus laevis 



oocytes 'IC50 > 100 rn^|oM) indicates that NF279 is a j^el specific and 
selective P2X receptor a^^Bgonist. 
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1. Adenosine, adenosine triphosphate (ATP) and some stable 
analogues of adenosine inhibited field stimulation-induced 
contract icns of the uterus from rats treated with oestradiol cypionate (20 
microgram- /k.:f, s.c.) 1 day previously. Adenosine was twice as potent 
as ATP; bc-tl. were potentiated by dipyridamole (10 mumol/L) . 2. The order of 
agcnisT i:ot:ency of adenosine and its analogues was: 
5 ' -I^-ethy.lcarfcoxamidoadenosine (NECA) > N6-cyclohexyladenosine > or = 
R-phenyli .?o}: r'^pyladenosine = S-phenylisopropyladenosine = 2-chloroadenosine 

or = adenosine > or = ATP > > 2-p- (2-carboxyethyl ) 
p.henethvlam.! n':'-5 ' -N-ethylcarboxamidoadenosine . This order suggests the 
pi~sen-', of Pi purinoceptors of the A2B subtype. 3. Responses to 
a ■finis* .: V7f: antagonized to differing extents by the PI purinoceptor 

antagonist - -phenyl theophylline (10 mumol/L) . 4 . In uterine 
p repar.--.i<jn;r from rats pretreated for 2 days with oestrogen (20 
micrograms/ kg, s.c.) and for 1 day with progesterone (3 mg/animal, s.c), 
the iJihikatory potencies of adenosine and NECA were reduced, 
indicating hormonal regulation of uterine responsiveness to PI purinoceptor 
agonist..: . . Stable analogues of ATP caused contractions of unstimulated 
myometnial preparations from oestrogen-treated animals, indicating 
activation of a P2 purinoceptor, possibly of the P2X subtype, because of 
the relar,ive order of potency was alpha, beta-methylene ATP > beta, 
gamma-metliylene ATP = ATP = 2-methylthio ATP. 
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A2 adenosine receptors in Mongolian gerbil middle ear epithelium 

and their re.:|ulation of Cl- secretion. 
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The pi:es^=nt study investigates the effects of adenosine and its 
analogues r-i- cl- secretion in primary cultures of gerbil middle ear 
epithelLun. Short-circuit current (Isc), an index of transepithelial active 
transport, was measured on the same cells cultured on porous filters. 
Baseline I .r c and transepithelial resistance were 27.0 +/- 0.7 microA cm-2 
and 275 -^-/- 7 omega cm2 , respectively (n = 178). Extracellular 
adenosine ar d its analogues elicited a sustained increase m Isc when 
ad:ied zd .:^:pLcal or basolateral surfaces. Both the A2A selective agonist 
( 2- cartM-xyethyl ) phene thylamino- 5 ' -N-ethylcarboxamido adenosine 



and the ii n n '^^ ^e ago ni^i,^__.^_L=,lE:;iethyl-jj^ 

adenosine i NECA) InEre^^ Tic^ NECA was more e^^tive than 

CGS216H0. Al selective antagonist 8-cyclopentyl-l , 3-dipropylxanthine 
did not: reduce NECA-mduced Isc. These results suggest the presence of both 
A2A and A2B receptors. NECA did not stimulate a rise m the 
intracellular Ca2+ concentration ([Ca2+]i) m single middle ear epithelial 
cells cultured on glass coverslips. Dibutyryl cAMP (dbcAMP) induced an 
initial transient increase m Isc followed by the sustained plateau, 
Additicn of dbcAMP also caused a transient increase m [Ca2+]i. The protein 
Kinase A :n:;ibitor, N- [2 - { p-kiromocmnamyl amino ) ethyl] -5-isoquinolinesul f ona 
m:de, grearly reduced the increase in the Isc responses to NECA. 
i , 2-Bi;. - U-'^mmophenoxy) ethane N, N, N' , N ' - 1 etraacetic acid-acetoxymethyl 
ester influenced neither the NECA-induced increase in Isc nor the 
dhiCAMP- m'iU'-ed sustained phase of Isc, but greatly inhibited the 
(dl.cAMP - Ln(iuce.:i transient increase in Isc. Glibenclamide , a cystic fibrosis 
t : ansm. -111-. a:\e ccnductance regulator (CFTR) channel inhibitor, reduced the 
N'KCA-ii.durer; Isc. These results indicate that extracellular adenosine 
and i':=- a::a I ogues activate the cTXMP-protem kinase A system, but not 
iiit rac^il iiar Ca ( 2 + ) -dependent mechanisms, leading to CI- secretion, 
possibly t'nrough the CFTR CI- channels in the cultured gerbil middle ear 
e}.;iithel luin. 
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racteristics of adenosine receptors found in glial 

acid protein { GFAP) -positive astrocytes acutely isolated from 
al cortices of 4- to 12-day old rats were examined by evaluating 
i of adenosine and its analogues on intracellular calcium 
i3Z, these effects were compared with those seen in primary 
cultures, and it was found that acutely isolated astrocytes 
]\ greater sensitivity to adenosine than their cultured 
,r . Then, the adenosine evoked calcium responses m acutely 
ails were evaluated under various conditions. The responses to 
vere not inhibited by papaverine, an uptake blocker, or by 

extracellular calcium. U73122, a phospholipase C inhibitor, was 
:mpaetely inhibit the adenosine response. The receptor 
: -isobutyl-1-methylxanthine inhibited the calcium response to 
rroviding evidence that the response is not coupled to the 
aensitive A3 receptor. The stimulatory action of NECA, a 
ve analogue, was blocked neither by the A2A-selective receptor 

- ~ ( 3-chlorostyryl ) caffeine nor by the Al-selective 
tagonist S-cycl opentyl - 1^ , 3-dip rop ylxanthine . The A2B 
antagonist (^l l^xaz j^ nej^ was able to completely 

increase in intracellular calcium produced by NECA. Taken 
these data suggest that the adenosine -evoked calcium 
n acutely isolated astrocytes is coupled to the A2B 
■::op.yright 1998 Elsevier Science B.V. All rights reserved. 
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E'eri\^a::ives of the t ria zoloquinazoline adenosine antagonist 
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The adenosine antagonist 9-chloro-2- ( 2-f uranyl ) [ 1 , 2 , 4] triazol 
o[l, s -c; q-;inazolin-5-amine {CGS 15943) binds nonselectively to human Al , 
A2A, and 'a3 receptors with high affinity. Acylated derivatives and one 
alKyl der:.Vo:.ive of the 5-amino group and other modifications were prepared 
m an ^ttovz to enhance A2B or A3 subtype potency. In general, distal 
inridi f !■ 'a:. : s of the N5- subst ituent were highly modulatory to potency and 
sel e ::r : •/ 1 t adenosine receptors, as determined in radioligand 

Ijindm ; . :d;^'s at rat brain Al and A2A receptors and at recombinant human 
Ai re. -eprc t s . In Chinese hamster ovary cells stably transfected with human 
A2B rereptor cDNA, inhibition of agonist-induced cyclic AMP 
fT.roduct 1 r^n was measured. An N5- ( 2 -lodophenyl ) acetyl derivative was highly 
selective for A2A receptors. An ( R ) -N5-alpha-methyl (phenylacetyl } 
derivative was the most potent derivative at A3 receptors, with a Ki value 
of 0.36 riM. A bulky N5-diphenylacetyl derivative, 13, displayed a Ki value 
of 0. t'^^ nM at human A3 receptors and was moderately selective for that 
subtype. Tnus, a large, nondiscriminating hydrophobic region occurs in the 
Ai re-epr.L-r m proximity to the N5-substituent . A series of straight-chain 
II5-amin':a: Kvlacyl derivatives demonstrated that for A2B receptors the 
optimal ::i..nir: length occurs with three methylene groups, i.e., the 
i:5-gamina- >.r:u nobutyryl derivative 27 which had a pA2 value of 8.0 but was 
not ' sele r:.^ve for A2B receptors. At Al , A2A, and A3 receptors however 
the oTotimrn occurs with four methylene groups. An N5-pivaloyl derivative, 
which 'wa/-^^4ess potent than 27 at Al, A2A, and A3 receptors, retained 
moderate : t'^^Ti^y at A2B receptors. A molecular model of the 27- 
A2B r-:-rr.'-: r comp-lex based on the structure of rhodopsin utilizing a 
"':-ross l::?:-.^:::^^" prd^eciure was developed in order to visualize the 
r-:iVM r : .irie::* £ the ligand binding site. 
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The il'-ective of this study was to characterize the effects of exogenous 
and ei;';:;rjae!;':)us (cardiac f ibroblast-derived) adenosine on [3H] proline 
and [ ■:H] e;:oine incorporation, which are reliable markers of collagen and 
total p^rott-in synthesis, respectively, in rat left ventricular cardiac 



fibroblasts. Growth-ar rM^d confluent cardiac f ibrobla^^monolayers were 
stimulated with 2.5V. feSBcalf serum ( FCS ) in the prese^^ and absence of 
adenosine, 2-chloroadenosine {stable adenosine analogu^^ or 

modulators cf adenosine levels including (1) erythro-9- ( 2 -hydroxy- 3-n 
onyl) adenine (adenosine deaminase inhibitor), (2) dipyridamole ( 
adenosine transport blocker), and (3) iodotubericidin ( 
adenosine Kinase inhibitor) . All agents inhibited in a 
.:oncen- lati-n -dependent fashion FCS-induced [3H]proline and [3H] leucine 
Lncjrp ta'-i::n. These effects were blocked by KF17837 (selective A2 
antagonist ' and 1 , 3-dipropyl- 8- ( p- sul fophenyl) xanthine {A1/A2 
recef.t'xr antagonist ) but not by 8-cyclopentyl- 1 , 3-dipropylxanthine 
(selective Al antagonist ), thus excluding the participation of Al 
receptLrs. The lack of effect of CGS21680 (selective A2A agonist) excluded 
involvement of A2A receptors, thus suggesting a ma]or role for A2B 
receptv-rs. Comparisons of the inhibitory potencies of 

N6-cyc 1 opentyladenosme ( selective Al agonist) , 5 ' -N-ethylcarboxamidoadenos 
me (AI/A2 agonist), and 5 ' -N-methylcarboxamidoadenosine (A1/A2 agonist) 
were vcnsistent with that of an A2B receptor subtype mediating the 
inhibitory effects. We conclude that adenosine inhibits FCS-mduced 
collagen ^ and total protein synthesis in cardiac fibroblasts via activation 
of A2B rec-eptors. These studies suggest, but do not prove, that 
endoqeu: -..s adenosine may protect against cardiac fibrosis. 
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Chara-::terization of A2B receptors is hampered by the lack of 
selective oha rmacol ogical probes and often relies on their relative 
affinity t?. agonists that are selective at other receptor types. This 
approach is limited because the affinity of A2B receptors for 
putati\'e A? agonists has not been determined. Using the human 
erythr J 1 e ..kemia cell line HEL as a cellular model for A2B-mediated 
adenylate ::yclase activation, we found the following potencies (pD2) for 
the n - ,1 e ::tive agonist 5 ' -N-ethylcarboxamidoadenosine (NECA) (5.65 +/- 
■J.C4), t::.'- ijutative A3 agonists Nb-benzyl-NECA (4.17 +/- 0.06) and 
No - ( 3 - : : loo -:Myl ) -N-methyl-5 ' -carbamoyl adenosine ( IB-MECA) (3.7 +/- 0 . 02) , 
and th- A2A agonist 4- [ (N-ethyl-5 ' -carbamoyladenos-2-yl ) -ammoethyl ] -phenyl 
propionic acid (CGS21680) (2.8 +/- 0.1). Because of the lack of a selective 
agonist, cna racteri zation of A2B receptor function is difficult in 
cells j - e:^:pi ressing A2A receptors. In the human mast cell line HMC-1, NECA 
induced sAMP accumulation with a concentration-response relationship best 
fitted t.o two-sited model (pD2 7.69 +/- 0.42 and 5.92 +/- 0.21 for high- 
and Ijw-affinity sites), suggesting the presence of both A2A and A2B 
recepitors m these cells. We demonstrated that A2B receptors can be 
selectively activated with NECA in the presence of the selective A2A 
antagonist 5 -amino- 7- (phenyl ethyl ) -2- (2-furyl ) -pyrazolo [4,3-e]-l,2,4- 
triazolcd 5-c Ipyrimidine (SCH 58261). Under these conditions, the 
concent rat-ion-rresponse relationship of NECA for cyclic AMP accumulation was 
now best fitted to a one-site model (pD2 5.68 +/- 0.03, Hill slope 0.93 +/- 
0.06, 3:) -.-jnfidence intervals 0.8 to 1.06) corresponding to selective 
activatiDii I'f A2B receptors. Using the approaches developed in this 



study, we determined tj^i A2B, and not A2A or A3, recep^wrs account 
for all tlte -alcium mobi^^tion induced by NECA in HMC-l^Blls. 
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Usm j re ::eptor-selective agonists and antagonists, the possible presence 
of bot:h Ala and A2b adenosine receptor subtypes coupled to 
act i vat: ion of adenylyl cyclase 'was investigated in NG108-15 neuroblastoma x 
r^lioma iiyh'rid cells. The relatively non- selective adenosine receptor 
agonist V-(N-ethyl carboxamido ) -adenosine (NECA; 1 nM-300 microM) 
produced :; biphasic increase in adenylyl cyclase activity m cell 
homogenates, best fitted to two components with high (EC50 0,7 microM) and 
low (EC5'J 16.0 microM) potency, respectively. The selective adenosine 
A2a recepfjr agonist CGS-21680 (1 nM-300 microM) also produced a biphasic 
iiicrea-e ir. adenylyl cyclase. The NECA-dependent increase m adenylyl 
Ltyclas- .nc--:i-/ity was almost completely inhibited by the non-selective 
adenosine rer.eptor antagonist xanthine amine congener (XAC; 30 
microM , r-.;t only partially inhibited by the selective A2a adenosine 
antagonist 8 - ( 3-chloros tyryl ) ca f f erne (CSC; 1 microM) . Experiments 
were .ilso performed to investigate the time course of NECA-induced 
desensi Li ze.: ion of putative A2a and A2,b receptor responses. The 
A^a- re.:pr.n.s." was quantified using 10 microM' CGS-2 168 0 , whilst the A2b 
r-i-t:.M:n e v;. .f. quantified using 100 microM NECA in the presence of 1 microM 
r^lC , r.e "0.5 for desensi ti zation for each subtype was found to be around 
^■') mm. Nei -iner activation (with dibutyryl cAMP; 1 mM) nor inhibition (with 
H-89; .r mi:-roM) of cyclic AMP-dependent protein kinase altered the ability 
of NE ::A pretreatment to desensitize A2a or A2b receptor-activated 
adenylyl i::yclase. However zinc (200 microM), an inhibitor of G-protem 
coupled receptor kinase 2 {GRK2), significantly reversed the 
agonis^.-mduced desensiti zation of A2a and A2b receptor-activated 
adenylyl '::yclase. These experiments suggest the co-existence of A2a and 
A2b re.:eptr.rs coupled in a stimulatory fashion to adenylyl cyclase m 
NG108-.5 cells. Furthermore desensiti zation of A2a and A2b responses 
O'zcnrs at the same rate and may involve a G-protein-coupled receptor 
kinase . 
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The ::or-.):iary vasodil^^^n caused by adenosine is due t^^ictiva tion 
of A2 adenosine recept^^ (A2AdoRs), but the subtype o^^btypes of 

A2AdoP {A.:a and/or A2B^chat mediate this action are un^Krtain. The 
purpcsr- this study was to test the hypothesis that A2AAdoRs mediate 

coronary \^^sl. dilation caused by exogenous or endogenous adenosine m 
the guinea pig isolated perfused heart. The newly described A2AAdoR 
antagonist 3CH58261 was used to selectively block A2AAdoRs . 
Attenuatijns t^y SCH58261 of increases m coronary conductance {A2 response) 
and of .^t.ri'i'ventricular nodal conduction time (Al response) caused by 
exogenous rind endogenous adenosine and by agonists with relative 
selectivL-y for A2A and AlAdoRs were measured. The CGS2i680-induced 
increase :f coronary conductance was antagonized by SCH58261 in a 
concentration-dependent and competitive manner with a KB value of 5.01 nm. 
Also reversed by SCH58261 (60 nmol/L) were the increases m coronary 
condUi-tan-,- caused by the relatively selective AlAdoR agonists CCPA (70 
nM) , and 'R ) ~ {-) N {b )-( 2-phenyl-isopropyl ) adenosine (60 nM) but not 
those :aji.-d by sodium nitroprusside (1.2 microM) and diltiazem (0.4 
microM' . .;;H:8261 ( or = iOO nM) did not attenuate the AlAdoR-mediated 
prolon^atiC'i.s of S-H interval caused by either adenosine or CCPA. 
SCHj82':'I ^ittenuated the coronary vasodilation caused by 50 nM 
adenosine v'lth an IC50 value of 6.8 +/- 0.6 nM. The coronary 
vas'jdi. : ; . ;,s caused by the nucleoside uptake inhibitor draflazine and the 
adenosine :-:::i.^.se inhikntor iodotubercidin were completely reversed by 
K-0 nM 3'::H ■■d.iol or adenosine deaminase (7 U/ml) . Thus, the A2AAdoR 
plays i man : r role as mediator of coronary vasodilation caused by exogenous 
and en- i 3 gen: us adenosine and by AdoR agonists. 
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Foui adenosine receptor subtypes of the family of G protein-coupled 
rerep: ^iesignated Al , A2A, A2B and A3 are currently known. In 

this -:Ziriy ail human subtypes were stably transfected into Chinese hamster 
ovary {CHCn cells m order to be able to study their pharmacological 
profile m an identical cellular background utilizing radioligand binding 
studies :Ai, A2A, A3) or adenylyl cyclase activity assays (A2B) . The 
Al subtype showed the typical pharmacological profile with 
2-chlot ':' -N»:.-i-yclopentyladenosine (CCPA) as the agonist with the highest 
affinity ari'- a marked stereoselectivity for the N6-phenylisopropyladenosine 
( PIA) d Las : e reomers . In competition with antagonist radioligand 
biphasi : cv;rves were observed for agonists. In the presence of GTP all 
recept.jrs '''ere converted to a single low affinity state indicating 
functi'jnal coupling to endogenous G proteins. For A2A adenosine 
recept.jrs 21-S 21680 (2 - [p- ( 2 - carboxyethyl ) phenyl ethylammo ] -5 ' -N- ethyl ca rbo 
xamido ;.de:i J .-iine) and N-e thylcarboxamidoadenosine (NEpA) were found to be 
the :u:)st i:.otent agonists followed by R- ar)d S-PIA with minor 
sterec' selectivity. The relative potencies of a gonists for the A2B 
adenosine receptor could only be tested hy" measurement of 
receipt jr-stimulated adenylyl cyclase activity. /NECA was the most potent 
agonist witn an EC50-value of 2.3 microM whereas All other compounds tested 
were -ictiv^- at concentrations in the high micromolar range. Inhibition of 
IJE :a-.s: inr. L;;t ^-d adenylyl cyclase identified x anthine amino congener (XAC^ 
8- [ 4- [ . [ L . 2-aminoethyl ) ammo] -carb o_nvn methyl ] oxy] phenyl] -1, 3-di propylxa 



nthine) as -^the luo^^^-po^^t .antagonist at tMs receptor ^fetype. The 

A3 receptor was charact^^Bzed utilizing Ihe nonselective^^oni s t [3H]NECA. 

The rio-benzyl substituted derivatives of adenosine 

-5 • -N-methyluronamide (MECA) turned out to be the most potent agonists. The 
notion '.^f'^ xanthine-insensitivity of the A3 receptor should be dropped at 
least ti'r the human receptor as xanthines with submicromolar affinity were 
found, 'jv-i all, the pharmacological characteristics of the human receptors 
are suuil.t; to other species with some species-specific characteristics. In 
zr.is - • we present for the first time the comparative pharmacology of 
all k:.jw;i h-..man adenosine receptor subtypes. The CHO cells with 
stably t r.iKs tected adenosine receptors provide an identical cellular 
backqrrund for such a pharmacological characterization. These cells are 
valuable systems for further characterization of specific receptor subtypes 
and for t:i- development of new ligands. 
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Adenosine inhibits rat vascular smooth muscle cell (SMC) growth. 
Howevei, t:.-:- effects of adenosine on human vascular SMC proliferation 
and syn::h':-r; 13 of extracellular matrix proteins, such as collagen, are 
unknow::. T/.e objective of this study was to characterize the effects of 
e:-:ogen.;: us .i.nd endogenous { SMC-derived ) adenosine on human aortic SMC 
proliferation and collagen synthesis. Growth-arrested SMCs were stimulated 
with 2.5 fetal calf serum ( FCS ) in the presence and absence of 
adenosine, 2-'Chloroadenosine (stable adenosine analogue), and 
with ager.*: ;: that increase endogenous adenosine levels, including 
erythr.; - ^ - hydroxy-3-nonyl ) adenine (EHNA) , dipyridamole, and 

lodotui: e ri :idin . All of these agents inhibited m a concentration-dependent 
manner .:2 - induced SMC proliferation as assessed by DNA synthesis 

( iH-thymi i: incorporation) and cell counting, as well as collagen 

synthe.^is ( 3H-proline incorporation). EHNA, dipyridamole, and 

iodotube r I 'Vi dm increased extracellular levels of adenosine by 
1.7- fold 18-fold when added separately to SMCs, and EHNA+iodotubericidin 
and EHN'A+iodotubericidm+dipyridamole increased extracellular 

adenosine levels by more than 392-fold. Both KF17837 (selective A2 
antagonist-^ and DPSPX (A1/A2 antagonist ), but not DPCPX 

{.r'Sle'i- I Al antagonist ), blocked the ant imi togenic effects of 
2-cnl': : aLi^:;:; jsme, EHNA,' and dipyridamole on DNA and collagen synthesis, 
suggesting the involvement of A2A and/or A2B, but excluding the 
participai-ic.n of Al , receptors. The lack of effect of CGS21680 (selective 
A2A agcniot), excluded involvement of A2A receptors and suggested a major 
role r A2B receptors. A comparison of the inhibitory potencies of 

2-chloi'ja'le::osine, N6-cyclopentyladenosine (selective Al agonist), NECA 

(A1/A2 agonist}, and MECA (A1/A2 agonist) were consistent with an A2B 
recepr.'i r .^utitype mediating the inhibitory effects of adenosine on 
human riorr^ic SMC proliferation. In conclusion, human aortic SMCs synthesize 
adenosine, and exogenous as well as endogenous (SMC-derived) 
adenosine inhibits SMC proliferation and collagen synthesis via 
activation ct A2B receptors. 
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The i;.a.:. }rur.p'Ose of this investigation was to evaluate whether the cyclic 
IE- -adenosine pathway, ie, the conversion of cAMP to AMP and, hence, 
to adenosine , is involved m the regulation of nitric oxide (NO) 
synthe-fis by vascular smooth muscle cells (SMCs) . Treatment of confluent 
monolayer;:- of SMCs with adenosine, 2 -chloroadenosine (stable analog 
ct adenosine), and agents that elevate endogenous ( SMC-derived ) 
adenosine (EHNA and i odotubericidm ) increased nitrite/nitrate 
(stable mt:.-t,3t:.jlites of NO) levels m the medium and enhanced the conversion 
of 3H- L-aramine to 3H-L"Ci t rullme by cytosolic extracts obtained from the 
pretrec;t.ea SMCs. The stimulatory effects of adenosine were not 
mimicked by low (1 to 100 nmol/L) concentrations of CGS21680, an A2A 
receptor aaonist, or CPA, a selective Al receptor agonist. The stimulatory 
effects : r: 2-chloroadenosine and EHNA plus lodotubericidin were 
signif i :-.ur y inhibited by KF17837, a selective A2 receptor 
antagonist, and by DPSPX, an A1/A2 receptor antagonist, but not 
by DP^:'rX, a selective Al receptor antagonist. DDA (adenylyl cyclase 
mhibi r r-^' .^nd Rp-cyclic AMP (protein kinase A inhibitor) did not block the 
effect, .r c. :. adenosine on NO synthesis. Incubation of SMCs with 
exogen.j'U.s cyclic AMP, at concentrations previously shown to elevate levels 
■jfailen; 5 ir.'- in the medium, also increased nitrite/nitrate levels and 
^]{ ' L-c I z line formation, and the effects of cyclic AMP on NO synthesis 
w-re t: y DPSPX and KF17837, but not by DPCPX. These findings provide 

^\Mder. e V:..;-t exogenous and SMC-derived adenosine induce NO synthesis 
via A2B r^'^eptors linked to a pathway not involving adenylyl 
cyclase/pr em kinase A. Moreover, extracellular cyclic AMP induces NO 
synthe.iio conversion to adenosine and activation of _A2B 

adenosine receptors. The cyclic AMP-adenosine pathway may be 
imp'O rt antl y involved in the vascular production of NO. 
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The effects of adenosine receptor ligands on the tone of the ovine 
isolated iris sphincter were investigated, and adenosine analogues 
were ftiur.d to relax the carbachol-contracted tissue in a 
concent rat: L jn- dependent manner with an order of potency of 
5 ' -N-ethyl ::arboxamidoadenosine > or = 2- (p- ( 2-carboxyethyl ) phenylethylammo 



) -5 ' -rJ-ethyl':;arboxamidoa||^os ine (CGS 21680)^^ > or = 

M'S- : y- ;1 :'pe:it yiadenosine ^^denosine, consistent with acti^Bion of an 
adenosine a;;A receptor. However, these responses were not inhibited 
by Lh-r :io:i-seiective adenosine A1/A2 receptor antagonist 
y-p-suif'h.'rhenyltheophyllme (50 microM) , the selective adenosine 
A2A/Ai re-eptor antagonist N- [ 2- { dimethylamino ) ethyl ] -N-methyl- 4- ( 2 , 
'i, 6, 7--tetr ihydro-2, 6-dioxo-l, 3- dipropyl- IH-purin- 8 -yl ) benzenesulphonamide 
( PD ii:-,:.^S-; (0.1 microM) or the non-xanthine adenosine A2A receptor 
antagonist i - (2 - [7-amino-2- (2-furyl ) [1,2,4] -triazolo [2, 3-a] [ 1, 3, 5] t 
riazin-:.-y:-amino] ethyl) phenol) ( ZM 241385) (0.1 microM) . The relaxations 
cannot t.i-refore be mediated by activation of adenosine Al , A2A or 
A2B recep:. -a-s. 
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]. In - his study we have characterized the receptor (s) in the rat 
mesent'^- r i ■:• artery mediating relaxant responses to adenosine and a 
nuiTiT'er :t adenosine analogues, N6-R-phenylisopropyladenosine (R-PIA), 
N6-cyc i opent yladenosine (CPA) , N6- ( 3- lodo-benzyl ) -adenosine- 5 ' -N-meth 
yluronami<:ie (IB-MECA) and 5 ' -N-etiiy^icrairboxamido'adenosine (rJECA) , by use of 
t I'l e rv:'n-.r ele ctive an ta gonist ^sulphoghenyl theojph^^ ^ n d 

the AC-A^el^^ctive ligands [p- ( 2-carBonylethyl ) -phenylethylamino ] -5 ' -N-eth 
ylcarbi'xami dDadenosine (CGS 21680) and 4- ( 2- [ 7 -amino-2- ( 2- f uryl ) [ 1 , 2 , 4 ] - 1 r 
lazol o [ 2 , ; [ 1 , 3, 5] -tria2in-5- ylamino ] ethyl ) phenol ( ZM 241385). We have 
also .rturi.ed the effects of endothelial removal and uptake inhibition by 
nitrob-nzv'.t hiomosine (NBTI) and the effects of the A3 receptor 
antagonist i , 3-dipropyl- 8- ( 4-acrylate ) phenylxanthine (BWA1433) . 2. 
Adenosine . NECA, CPA and R-PIA all elicited relaxant responses in 
tissue- i-^E contracted with phenylephrine (1 microM) with the following 
^■:ten.:y ^;cer: NECA > R-PIA ^> adenosine = CPA. However, E/ [A] curves 
r : NE' A '^^re biphasic. CGS 21680 was inactive at concentrations up to 30 
inj ::-iC'M a..': IB-MECA elicited relaxant responses which were resistant to 
bi H: ;o ;-'y 8-SPT and BWA1433 (100 microM) . 3. Removal of the endothelium 
prodU'.>:d small but significant decrease in the asymptote of the high 

pctenc'/ j^;\ase of E/ [A] curves to NECA with no change in p[A]50. E/ [A] 
curves t.o adenosine were not altered by removal of the endothelium. 
However, ziiere were small rightward shifts of E/ [A] curves to CPA and R-PIA 
m the a;-'.Lence of endothelium. 4. Inhibition of uptake by NBTI (1 microM) 
had ii': effect on E/ [A] curves to NECA, CPA or R-PIA, but E/ [A] curves to 
adenosine were significantly left-shifted in the presence of NBTI. 5. 
8-SPT (ij- i';'0 microM) caused significant rightward shifts of the high 
potency pliase of the E/ [A] curves to NECA (pA2 = 5 . 63 + /- 0 . 2 6 ) . The second 
phase of concentration-response curve to NECA appeared to be resistant 

to blC'CKade by 8-SPT, as were E/ [A] curves for adenosine, CPA or 
R-PIA. How'-ver, m the presence of NBTI (1 microM) , 8-SPT (100 microM) gave 
siqnifLcan*: rightward shifts of E/ [A] curves to adenosine. 6. ZM 
24 1385 (0.1--! microM) produced significant rightward shifts of the high 
potency ^.-.a.^e of NECA E/ [A] curves {pA2 = 7 . 65 + /-0 . 25 in the presence and 
7.20+/-0.i^ m the absence of endothelium), while curves to R-PIA were not 
significan* ly shifted by 1 microM ZM 241385. In the presence of NBTI E/ [A] 
curves t<: adenosine were significantly rightward shifted by ZM 241385 
(u.i n.icr.ji:, pA2^7 . 50 + /-0 . 16) . 7. In conclusion, the results suggest 
activai ion ')f A2B receptors located primarily on the smooth muscle by 



low con ::eiitrations of ^KCA and by adenosine under cj«iitions of 
uptake ii'lc-kade, and another, as yet undefined ^^te which may be 

mtracellul =ir, by higher concentrations of NECA, by CPA, R-PIA and 
adenosine u-.der conditions where uptake is operational. 
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tudies have suggested a role for adenosine in the 
Df rat pineal melatonin synthesis. The data, however, are 
and therefore the aim of this study was to characterize 
■ ::eptors more fully in vitro by using a range of selective 
g.gjpn 1 s t s an d___ __Jiha_.,__i,--.^adeno s i ne an t agoni s t 

vl theophylline (8-SPf). VA simple method for the mechanical 
ral plnealocy Les v7a-:^--d:^ve loped. Pinealocytes were briefly {15 
ted with drugs followed by a 4 hr drug-free incubation period 
nelatonm concentrations m the incubation medium were measured 
i:.oassay. The beta-adrenoceptor agonist isoprenalme gave a 
increase m melatonin production, demonstrating that this 
i: reparation technique is suitable to evaluate the effect of 
eal melatonin synthesis. Our results show that adenosine, 
opropyl ) adenosine (R-PIA) and 2-p- ( 2 -carboxethyl ) 

MO-5 ' -N-ethylcarboxamidoadenosine (CGS21680) did not affect 
ynthesis alone or in combination with i soprenaline . However 
rboxamidoadenosine (NECA) (100 microM) potentiated the 
effect of isoprenalme (3 microM) on pineal melatonin 
nd this effect appeared to be antagonized by 8-SPT (50 microM) . 
ts are consistent with activation by NECA of an A2b 
jeptor . 
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During cerebral ischemia, the expression of interleukin- 6 (IL-6), which 
lias neur':jprot:ective properties, increases. To understand the underlying 
mechanii-m, the regulation of IL-6 expression by neurotransmitters that 
accumul.-^te during cerebral ischemia was investigated. Adenosine 
stimulated TL-6 secretion in primary astrocytes four- to 10-fold. The 
effect was concentration dependent, the EC50 being approximately 8 microM. 
Althougr: the nonselective analogue 2 -chloroadenosine (2CA) increased IL-6 
secretiC'H to a similar extent, the Al-selective agonist 

Nb-cycl ciientyladenosine or the A2a agonist CGS-21680 had only a marginal 



effect on IL-6 secretion^^L-6 secretion stimulated by 2C^^10 microM) was 
inhibited by the ^^Bnselective adenosine anta^^^st 

8- (p-sulf ophenyl) theophy^^ne, whereas the Al-selectiv^^Rtagonist 

8-cyclr pentyl-1 , 3-dipropylxanthine or the A2a-selective antagonist 
3- (3-chI.jr:: :t tyryl) caf f eine had no effect, to a concentration of 0.1 microM. 
Transciiptir n^ of the IL-6 gene was investigated by transfectmg primary 
astrocytes with a reporter fusion gene containing the human IL-6 promoter 
(-179/+i2i. 2CA stimulated IL-6 gene transcription 2.5-fold. Mutations of 
the bi::dir:^-; site for NF-kappaB or NF-IL6 abrogated the response to 2CA. 
Thus, .^n increase of extracellular adenosine during focal cerebral 
ischemia lu-.y stimulate IL-b expression via A2b receptors. The 
mductii-^n :t IL-6 expression appears to involve a transcriptional effect 
that dei:.end:: on NF-kappaB and NF-IL6. 
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1. Adenosine inhibited the noradrenaline-induced contraction of 
rabbit -cirrus cavernosum in a dose-dependent manner. The effect of 
adenosine was greater in intact corpus cavernosa than m 
endoth- : L\;:n-denuded preparations. This finding indicates that the relaxing 
effect adenosine is partially endothelium-dependent and involved 

m th- release of endothelium-derived relaxing factors. 2. Adenosine 
and it:= an.iogues relaxed the noradrenalme-mduced contractile response as 
well a:: iM.\ikited the transmural nerve induced contraction with the potency 
order: HIVa :> R-PIA > adenosine. These data indicate that 
adenosine an modulate both the non-adrenergic non-cholinergic and 
ad r e:-ie : neurotransmission. DMPX, an adenosine antagonist 
select:"'^ ^: r the A2 receptors, abolished the electrically elicited 
relaxa*: ^ J]; . However, CGS 21680, selective for A2a receptor, had no effect 
on relaxation. Therefore, adenosine receptors involved in the 
modular 1 :>:; f neurotransmission in rabbit corpus cavernosum appear to be 
A2b subtyp--. 3. Adenosine also induced an increase in human 
cavern j.-.al arterial velocity and resistive index measured by colour duplex 
sonogr.iphy. The combination of adenosine and 10 micrograms 
prostacl 3tn:l.in El was more effective in resistive index and erection grade 
than 1-'.' micrograms prostaglandin El alone. Our results suggest that 
adenosine .-^-rems to be an important neuromodulator for penile erection 
and can an effective and alternative combination in the treatment of 

imp'Otei.'.-e . 
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Ai adenosine recep t o rs { AlARs ) have been recently ^Wown to be 
^.^pj^es: ea :.n rodent embryonic hearts at very early stages of development. 
To determit.e the functional significance of fetal cardiac AlAR expression 
during em] >ryogenesis , murine fetal heart preparations were studied between 
pcstconre^v ual days 9 and 12. Dose-response curves generated using a 
variety adenosine agonists revealed that AlAR activation potently 

regulated fetal heart rates. The AlAR agonist, N6-cyclopentyladenosine, 
inhibited heart rates in a dose-dependent manner ( hal f -maximal effective 
concentration = 3.6 x 10 (-8) M) and stopped fetal cardiac contractions m 
oi'.T of r^re^- 'arations . In contrast, A2a and A2b receptor activation did 
not aire-" heart rates, and activation of A3 receptors produced modest 
declines m heart rates. Endogenous adenosine also acted tonically to 
suppress r.etal heart rates, as demonstrated by the AlAR antagonist 

1 , 3-dipr.j; yl-8-cyclopentylxanthine, increasing heart rates, whereas the 
adenosine reuptake blocker dipyridamole lowered fetal heart rates. 
Pertussis ^ ixm treatment blocked AlAR action, showing that AlAR action was 
G proteiM mediated. Using drugs that alter cAMP levels and ion channel 
action, wr- were able to show that AlAR action involves events mediated by 
cAMP, AT?~ '-ep'endent K, L-type calcium, sodium, and chloride channels, and 
the pa:-e]a:-:er current. These data show that adenosine and AlARs 
potent:/ :-gulate mammalian heart rates via multiple effector systems at 
'/er,- > r I ; t.^aes of prenatal development. 
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BACK'^P.'j^ r:!!' : Because proliferation of cardiac fibroblasts participates m 
caidia_ trophy/remodeling associated with hypertension and myocardial 

inf ar i it is important to elucidate factors regulating cardiac 

fih.rok': as: rol i f erat ion . Adenosine, a nucleoside abundantly produced 
t-y cardLn- cells, is ant imi togenic vis-a-vis vascular smooth muscle cells; 
however, *.:-.e effect of adenosine on cardiac fibroblast proliferation 
IS unkni^v;:.. The objective of this study was to characterize the effects of 
exogen'ius -hud endogenous (cardiac f ibroblast-derived ) adenosine on 
cardia-:- f i;: roblast proliferation. METHODS AND RESULTS: Growth-arrested 
cardia:- 1: : t- roblas ts were stimulated with 2.5° FCS in the presence and 
absence -'f adenosine, 2-chloroadenosine (stable adenosine 

analogue), or modulators of adenosine levels, including (1) 
e rythr'i - ( I -hydroxy-3-nonyl ) adenine (EHNA; adenosine deaminase 
inhibit Dr); (2) dipyridamole {adenosine transport blocker); and (3} 
lodotui: en :idin {adenosine kinase inhibitor). All of these agents 
inhibi:ei, m a concentration-dependent manner, FCS-induced cardiac 
f ibroti 1 ast: proliferation as assessed by DNA synthesis ([ 3H ] thymidine 
incorf-: rati:n) and cell counting. EHNA, dipyridamole, and iodotubericidm 
increased extracellular levels of adenosine by 2.3- to 5.6-fold when 
added separately to cardiac fibroblasts, and EHNA+iodotubericidin or 
EHNA+i J j ibericidin+dipyridamole increased extracellular adenosine 

levels by ^bgO-fold. Both KF17837 (selective A2 antagonist) and 
DPSPX (nonselective A2 antagonist) but not DPCPX (selective Al 



antagonist ' blocked th^^timitogenic effects of 2-chlo^^enosine , 

EHNA, and dipyridamole ^^NA synthesis, suggesting the ^^Ivement of A2A 

and/or A2B t'Ut excluding the participation of Al recepto^T The lack 

of effect rf CGS21680 {selective A2A agonist) excluded involvement of A2A 

recept._M:3 and suggested a major role for A2B receptors. This 

conclusion was confirmed by the rank order potencies of four 

adenosine analogues. CONCLUSIONS: Cardiac fibroblasts synthesize 

adenosine. and exogenous and cardiac f ibroblas t-derived 

adenosine m.hibits cardiac fibroblast proliferation via activation of 

A2B :eceo:;.:rs, i:ardiac f ibrc'blast-derived adenosine may 

tegula'e Jir^iiac hypertrophy and/or remodeling by modulating cardiac 

f ibr :^b . as i r r : li f eration , 
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1 . Adenosine and its analogues induced an increase in flow rate 
v;hen iMfs.,..-<i into the rat isolated perfused heart. The agonist potency 

: der '^ 'Z.m was 2 - ( rho- ( 2 - ca rboxyethyl ) phenethyl- amino ) - 5 ' -N- ethyl carbox 

amid.i.a! ,-n': .■.ii\-r (CGS 21680) > or = 5 ' -N-ethylcarboxamidoadenosine (NECA) > 
N6-cyci jpenryladenosine = adenosine , although the maximal response 
obtain-d for CGS 21680 was only 70-, of that achieved by NECA. 
NG-Nitr j-L-arginine methyl ester (L-NAME) , the nonselective adenosine 

antagonist 8-rho- ( sul fophenyl ) theophylline (8-SPT) and the A2a 
select ive antagonist N- [2- ( dimethylamino ) ethyl] -N-methyl-4- (2,3,6, 7-t 
etrahyMr-o-2, 6-dioxo-l, 3- dip rophyl- IH-purin- 8- yl ) benzene sulfonamide { PD 
115, 119; reduced responses to the adenosine agonists, but some of 
this r^du^-:tion was shown to be due to a nonspecific decrease in flow rate 
as well as a specific inhibitory action. 2. When this functional antagonism 
is taken into account, the results suggest that the increase in flow rate 
induced by the adenosine agonists was mediated by A2 receptors, with 
the i:\-:rease in flow rate induced by CGS 21680 mediated by A2a receptors, 
wherea: cnat induced by NECA was mediated by A2b receptors. 3. L-NAME 
did n-. r .icfjiear to have any effect on the increase in flow rate induced by 
the adenosine agonists, suggesting that these responses were probably 
endoth- 1 i-.:m independent and do not involve the nitric oxide pathway. 
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Adenosine analogues relax guinea-pig taenia caeci via an 
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In thi:^. study we have sub-classified the adenosine A2 receptor 
mediating relaxation m the guinea-pig taenia caecum using the 



adenosine A2A rec^tor-selective agonist 21680 

(2- [p- ( 2-carb:jxyethyl) ph^^Lammo] -5 ' -N-ethylcarboxamidoa<^pDsine ) and the 
adenosine A2A receptor-selective antagonist ZM ^^385 

(4_ (2 - [7-amino-2- {2-furyl} [1,2,4] -triazolo [2, 3-a] [1,3,5] triazin-5-yl ammo 
] ethyl j phenol ) , CGS 21680 did not elicit relaxations, and a pKB value of 
7.80 was obtained for ZM 241385 against 5 ' -N-ethylcarboxamidoadenosme 
suggesting the presence of adenosine A2B receptors. Relaxations 
are also m-:diated via a xanthme-resistant site. In this study relaxations 
to the adenosine A3 receptor agonist IB-MECA (N6- ( 3-iodo-benzyl ) 
adenosine - ' -N-methyluronamide } were blocked by neither 

8-sulphopne:-.yl theophylline (100 microM) nor the adenosine A3 receptor 
antagonist BW-A1433 (1, 3-dipropyl- 8- ( 4-acrylate ) phenylxanthine , 100 
microMi , suggesting that this site is not an adenosine A3 receptor. 
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A role f?r adenosine A2 receptors in the induction of long-term 
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Alt.hj igh reductions m neurotransmission have been reported m response 
to a j:jnL,: : -mediated adenosine Al receptor activation, the 
implica: 1 D-s of A2 receptor activation on synaptic transmission have not 
I'een w-- 1 1 -xplored. We examined the role adenosine A2 receptors play 
m th-r efr'ii-acy of neurotransmission between the Schaffer collateral-CAi 
pathway i:\ : he rat transverse hippocampal slice. A2 receptor blockade in 
the p:--se:\-e of complete Al receptor inhibition led to a reversible 
r eau.:r 1 jr. : f t.he field excitatory post-synaptic potential (EPSP) slope in 
respon.-- i low- frequency test pulses (0.033 Hz) indicating that A2 
receptj rs c ~n enhance synaptic transmission. A2 receptor blockade by the A2 
antagonist , DMPX ( 3 , 7 -dimethyl- 1-propargylxanthine ) prevented the 
induction rf tetanus-induced long-term potentiation (LTP) of the EPSP. In 
contra.:-:,, r:o such effect on LTP induction was observed during Al receptor 
blockarie. Ye also examined the effects of DMPX on the induction of LTP 
during cjnr.inued Al receptor blockade with CPT. Under this condition, LTP 
was signif ii^antly reduced when compared to LTP induced m the presence of 
CPT al 3ne .^_A_:z^pimilar result was found using the highly polar A2 
antagonist (jS -_SPTl^ { 8- (p-sul fophenyl ) theophylline ) suggesting that the 
effects of DMPX on LTP were not due to a direct action on an intracellular 
intermedia^- . EiMPX had no effect on LTP expression if applied 45 mm 
following r.j'.e tetanus indicating that A2 receptors play no significant role 
m th'i' mai.ritenance phase of LTP. Selective A2a receptor activation did not 
alter the field EPSP. Similarly, selective blockade of the A2a receptor did 
not i:r:erf-:;re with tetanus-induced LTP. Increases m neuronal firing rates 
can resul: in elevations m the concentration of extracellular 
adenosine . Ti-gether, these results suggest that the A2 receptors may 
p. lay .ir;pjrtant role m the induction although not the maintenance of 

t ipp.iM:;- I'lp ! :.TP and that the effect is likely to be mediated by the 
A2b r e ■^pz.o r . 
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vasodilatation and vasoconstri^^on in hypoxia. 
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effects of adenosine receptor agonists were examined on 
rings of guinea-pig pulmonary artery under normoxic and hypoxic 
The rings were denuded of endothelium and tissues were 
ted with phenylephrine {3 x 10 (-6) M) before constructing 
concentration-response curves to the agonists. 2. 
Lr.arboxamido) adenosine (NECA) caused concentration-dependen 
: ions of the pulmonary artery which were not different between 
::d normoxia. The contractions were converted to a relaxation m 
of the cyclooxygenase inhibitor, mdomethacm, and again these 
i.:-::ted by hypoxia. 3. Examination of a range of agonists under 
:-_nditions in the presence of indomethacm revealed relaxations, 
jr the A2a receptor-selective agonist, CGS 21680. The 
:ion was therefore A2b receptor-mediated. 4, In hypoxia, 
1 r. the presence of indomethacin, vasoconstriction occurred to 
!.: -phenyl isopropyl) adenosine (R-PIA) and, to a greater 

Xb-cyclopentyladenosine (CPA) . In the absence of indomethacin, 
r iction by CPA during hypoxia was significantly greater. 5. The 
i::-resistant contraction by CPA was abolished by the Al receptor 

8-cyclopentyltheophylline (CPT, 3 x 10(-6) M) . 6. This 
H:: demonstrated cyclooxygenase-dependent and-independent 

i::tions to adenosine agonists in guinea-pig pulmonary 
er hypoxic conditions. The cyclooxygenase-independent contraction 
via Al receptors. 7. These results suggest that endogenous 
released in the pulmonary circulation under hypoxic 
Will cause vasoconstriction and may contribute to the pulmonary 
jx associated with acute respiratory failure. 
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i::y-:: 1 o .'Xygenase-C expression in rat microglia is induced by 
adenosine A.: a- receptors . 
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We Lnv-stigated the regulation of COX-2 expression and activity by 
adenosine receptors in rat microglial cells. The selective 
adenosine A2a-receptor agonist CGS21680 and the non-selective 
adenosine Ai- and A2-receptor agonist 5 ' -N-ethylcarboxiamidoadenosine 
(I'[ECA) induced an increase in COX-2 mRNA levels and the synthesis of 
prostagla:idin E2 (PGE2) . The adenosine Al-receptor agonist 
cyclop-enty L ^.denosine (CPA) was less potent, and the adenosine 
Al - re.:--pt ' r -sii'eci f ic agonist N6-2- ( -aminophenylo } ethyladenosme (APNEA) 
srioweo o:ily marginal effects. Microglia expressed adenosine A1-, 
A2a-, and A3-, but not A2b-receptor mRNAs, whereas astroglial cells 
expre.^sed adenosine A2b- but not A2a-receptor mRNA. The 
adenosine A2a-receptor selective antagonist ( E } - 8- ( 3 , 4-dimethox 
ystyry] ) - 1. , .3 "dipropyl-7-methylxanthine (KF17837 ) inhibited both* 

CGS2 i t-" i") - 1 ndured i::o:-:-2 expression and PGE2 release. CGS2 168 0-increased PGE2 



levels vjere inhibjj^ by dexamethasone , by nonsteroidal 
antiinf larm-aatory drug ^Boxicam, and by the adenyl yi^H^clase inhibitor 
9_ (tetrahyLiro-2-furanyl} ^H-purine-6-amine {SQ22536} . CGS21680 and NECA 
both increased intracellular cAMP levels m microglial cells. Dibutyryl 
cAMP as w^ll as forskolin induced the release of PGE2 , The results strongly 
suggest z'.iat adenosine A2a- receptor- induced intracellular signaling 
events Zri .^se an up- regulation of the COX-2 gene and the release of PGE2 . 
Apparently, the cAMP second messenger system plays a crucial role m COX-2 
gene r e i ]. ,r: 1 1 on in rat microglial cells. The results are discussed with 
^v^spect : :i neurodegenerative disorders of the CNS such as Alzheimer's 
diseast, ]^ which activated microglia are critically involved and COM 
mnibi: 'J - :iiay be of therapeutic benefit. 
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Hypoxia or anemia is the fundamental stimulus for erythropoietin (EPO) 
product id::. Recent in vitro studies suggest that EPO secretion in response 
to hyj^-'X: H is regulated by adenosine in the kidney. In order to 
examine m vivo effect of adenosine on EPO production, we 

e Lin. r.ea ': x- effects of adenosine receptor agonists and antagonists 
on 5e:um 2..?0 concentration in normal and anemic rats. In normal rats, 
mtraveno in:)ection of adenosine agonists (NECA, CHA and CGS-21680) 
dose-deperiiently stimulated EPO production. Pretreatment with KW-3902, an 
adenosine Ai antagonist with modest A2b antagonistic 
action, 'jl' KF17837, an adenosine A2a antagonist, inhibited the 
NECA (O.. mg/kg, i . v .} -stimulated EPO production. Anemic hypoxia, induced 
by 2i r^/vj ijoay weight) blood withdrawal, increased serum EPO concentration 
from 3:- -t-''- to 352 +/- 76 mU/ml, with the increased serum adenosine 
concent ra::.i ::]: in the renal vein. KF17837 (0.1 mg/kg, i.v.), but not KW-3902 
(O.i m-4/-:4, I.V.), inhibited the anemic hypoxia- induced increase m EPO 
p.roduct 1 3:i . The present findings support the notion that adenosine 
mediates tx- EPO production in response to hypoxia in the kidney. 
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characterization of adenosine A2 receptors in Jurkat 
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f.-ct of several adenosine analogues on cyclic AMP 

nn was examined in the rat phaeochromocytoma cell PC12 and in the 

ell leukaemia cell Jurkat, selected as prototypes of cells 

tly expressing adenosine A2A or A2B receptors. Using 

se t ranscription-polymerase chain reaction it was, however. 



demonstrated that the ^^rkat cell and the PC12 cell exi^gss both A2A and 
A2B receptcr mRNA, albd^Bm different relative proporti^^. In PC12 
cells the concent ratior^required for hal f -maximal respofH^ (EC50) for the 
full agonist 5 ' -ri-ethyl -carboxamidoadenosme (NECA) was 30 times lower than 
m Jurkat cells. There was no significant difference in the pA2 for the 
antagonist : -amino- 9-chloro-2- (2-furanyl) - 1,2, 4-tria2olo (1, 5-C) quina 
zolinemcnomethanesulphonate (CGS 15943) between the two cell types. In the 
presen-e cf forskolin {1 microM in PC12 cells; 10 microM in Jurkat cells) 
the EC: 3 '/alue for NECA was reduced two-to sixfold. Forskolin also 
increased z':\e maximal cAMP accumulation twofold in PC12 cells and sevenfold 
in Juik^r cells. A series of 2-substituted adenosine analogues CV 
1606 (2--|:::enylamino adenosine), CV 1674 [ 2- ( 4-methoxyphenyl ) 
adenosine!' C^S 21680 2- [p- ( 2-carbonyiethyl ) phenylethylamino] -5 ' -N-et 
hyl- : a rbo:-:amido adenosine , and four 2-substituted isoguanosmes , 
SKA 40 [2- {2-phenylethoxy) adenosine ; PEA], SHA 91 

[2- (2- :y exylethoxy) adenosine; CEA] , SHA 118 2- [ 2- (p-methylphenyl) 
erhoxy; adenosine ; MPEA , and SHA 125 { 2-hexyloxyadenosine; HOA) , all 
raised accumulation m PC12 cells, but had minimal or no effect m 

JurKat >-i ..s. In the PC12 cells the addition of forskolin (1 microM) 
reduceo tii.- EC'SO by a factor of 2 ( CV 1808) to 12 (SHA 125). In Jurkat cells 
all the a:.-.l..^gues gave a significant, but submaximal, cAMP response in the 
presence ::.f forskolin (10 microM} , but they were essentially inactive in 
Its at.sen :'.e . The results show that a series of 2-substituted 
adenosine ^inalogues can be used to discriminate between A2A and 
A2B re i'-^jj: rs . The two receptor subtypes appear to coexist, even in 
clonal :ells selected for typical pharmacology. A2 receptor pharmacology 
can theref'i're be complex. 
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In membrane preparations from rat striatum, where adenosine A2A and 
dopamine IC receptors are coexpressed, stimulation of adenosine A2A 
recept: r.3 '-^as found to decrease the affinity of dopamine D2 receptors for 
dopamine iMTiists. We now demonstrate the existence of this antagonistic 
intera:-tioM m a fibroblast cell line (Ltk-) stably transfected with the 
human i^p.iinine D2 (long- form) receptor and the dog adenosine A2A 
recept :r :;ijNAs (A2A-D2 cells) . In A2A-D2 cells, but not in control cells 
only ::3ii:nining dopamine D2 receptors (D2 cells), the selective 
adenosine A.I A agonist 2 - [ p- ( 2-carboxyethyl ) -phenethylamino ] -5 ' -N-ethy 
l-carb:>:ami :io adenosine (CGS 21680) induced a 2-3-fold decrease m 
the affiniry '^f dopamine D2 receptors for dopamine, as shown in competition 
experiment :• with dopamine versus the selective dopamine D2 antagonist 

[ 3H] ra ::lc>pL ide. By contrast, activation of the cons titutively expressed 
adenosine A2B receptors with 5 ' -N-ethyl-carboxamidoadenosine 
(::ECA) di i not modify dopamine D2 receptor binding. In A2A-D2 cells CGS 
2.660 f.d.\\--:i to induce or induced only a small increase in adenosine 
-: \ 5 ' - -yc 1 ; r -monophosphate (cAMP) accumulation. In D2 cells NECA- or 
f orskoi .1 r.duced adenylyl cyclase activation was not associated with any 
change m dopamine D2 receptor binding. These results indicate that 
adenylyl. -^ryclase activation is not involved m the adenosine A2A 
receptor-m-:iiated modulation of the binding characteristics of the dopamine 
D2 (long-f;'rm) receptor. 
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Differential development of adenosine Al and A2b receptors in 
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1. The :levelopment of the adenosine Al and A2b receptors 
inducing relaxation of the rat duodenum was studied by use of a combination 
of functiorai and radioligand binding assays on rats aged between 5 and 30 
days ind lompared with results previously found in adult rat duodenum. 2. 
l,3"[3r:] -.liv: ropyl-8-cyclopentylKanthine ([3H]-DPCPX) bound with high 
affiniry z: a single site in duodenum preparations from rats aged 20, 25 
and d.r/^ . At 10 and 15 days there was no detectable specific binding of 

; 3H] -Dr\:p:'-. 3. The affinity (KD) of the binding site for [3H]-DPCPX was 
.-;Lmiia:: ::i ]nembrane preparations from 20, 25 and 30 day old animals 
(1..53~„.^' nM) , but the density (Bmax) of binding sites was found to 
mcrea-e to 25 days where peak levels (72,0 +/- 9.5 fmol mg-1 protein) 

were ili'S-rved and then decline at 30 days (45.5 +/- 2.9 fmol mg-1 protein) 
to levelo commensurate with those previously determined in the adult rat 
duodenum. 4. In duodenum from 10 day old rats no responses to 
N6-cyciop-n:,yladenosine (CPA, 1 nM-10 microM) were observed, at 15 days the 
duodenum responded to the highest concentration of CPA (3 microM) only, and 
at 20 - ::0 :;ays concentration-related responses were observed, with the 
potency '.if CPA increasing with an increase m age. DPCPX (10 nM) abolished 
the resp.jnses to CPA except at the highest concentration of CPA (3 microM) 
where the response was markedly attenuated, suggesting the presence of an 
Al, recej-'ti-^r. 5. In rat duodenum from animals of all ages (5-30 days), 
concent: ra*: i : n-related responses to 5 ' -N-ethylcarboxamidoadenosine (NECA) 
were ■bs- rved . The potency of NECA remained constant with an increase in 
age, v/here.^, s the maximum relaxation response increased from 20% at 5 days 
to 11.: ^ a:: 25 and 30 days. In the presence of 1 microM DPCPX a right-ward 
shift in -^ne concentration-response curve to NECA was observed at all ages. 
In the: presence of 10 nM DPCPX, the response to NECA was unaffected in the 
duodenum from animals aged 10 and 15 days. However, in duodenum from 
animal.-: ig--d 20-30 days the concentration-response curve to NECA was 
shifte'. *:he right suggesting that there is an Al component to the action 
of NE' A a* these ages. Schild analysis of the effects of increasing 
concenn ra' 1 : ns of DPCPX versus NECA on the duodenum from 25 day old animals 
generated a slope of 0.62 suggesting that NECA acts at Al and A2b 
receptors as in the adult. 6. The A2b -selective analogue, 
2 - [p- (carl'oxyethyl ) -phenylethylamino ] -5 ' -N-ethylcarboxamidoadenosi ne (CGS 
21680) (-0 nM-10 microM) was without effect on the carbachol-cont racted 
duodenum from 15 day old rats and the duodenum from 25 day old rats 
respon'.ied :.o the highest concentration of CGS 21680 only, suggesting that 
the As receptors here, as in the adult, are not of the A2a subtype. The 
adenosine antagonist, 8-phenyl theophylline (8-PT) (10 microM), 
abolished the inhibitory effects of NECA (100 nM-100 microM) on 10, 15 and 
25 day '1:1 rat duodenum indicating that the responses to NECA were not 
mediated via an adenosine A3 receptor. 7. These results show that 
adenosine Al receptors m rat duodenum are present and functionally 
viable fr-m day 20 onwards and that the density of Al receptors varies with 
age, increasing up to day 25 and then declining at day 30 to a density 
commensurate with that found in the adult. The responses to CPA, mediated 
via the Al receptor, increase with age in a similar fashion. In contrast 
however, the response to NECA was evident from day 5, the earliest age 



studied, and from days NECA acted via the A2b rece^||: subtype. 

However, from day 2 0 ^Bwards NECA acted at a mixed pc^^ation of Al and 

A2b re-eptors. These resets demonstrate the differential development 
of the Al and the A2b receptors m the rat duodenum. 
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Usina the reverse transcription polymerase chain reaction (RT-PCR) we 
found that human neutrophils express mR.NA for both A2A and A2B 
adenosine receptors, and using selective adenosine receptor 
agonist 5- and antagonists we have characterized the type of adenosine 
receptcr irediatmg inhibition of f ormyl-Met-Leu-Phe ( fMLP) -induced 
oxidative? ljurst. The order of potency of agonists was 
5 ' -N-et hyl-carboxamidoadenosine (NECA) > 2-phenylaminoadenosine > 

2- [p- - <:arb.jnyl-ethyl) -phenyl-ethylammo ] -5 ' -N-ethyl-carboxamido adenos 
ine iCG^' > adenosine > N6-cyclopentyl-adenosine . This 

agrees wL:h the agonist potency at human A2A receptors. The effect of 
adenosine to antagonized by 30 microM theophylline > caffeine = 
paraxa::! :i:.ri^:, i.e. concentrations close to those occurring in plasma after 
consumptLcjn of caffeine-containing beverages. The effect of NECA was 
unaltered by the Al receptor antagonist 1 , 3-dipropyl-8-cyclopentylxan 
thine, L.u- inhibited by the A2A receptor selective antagonists 
4-amino- cr. loro- 1-phenyl- [ 1 , 2 , 4] -triazolo[4, 3-a ] quinoxaline (CP 66, 713) , 
1, 3-dipr :)i'y^-:^- (3, 4-dimethoxystyryl ) -7-methylxanthine (KF 17 3 87) and 
8- (3-ch: ■jrcotyryl) caffeine as well as by the j^on-s electiv e , non- xanthine 
anta gonist 5 -amijao- 9-chl o ro-2- ( 2-f uryl j^ - [ 1 , 2 , 4 ] - 1 riazolo- J .L^^^aUiJaa 

zoline riet: h.ms_--^ulpS^n^ 15143^- The adenosine receptor 

mediated responses were antagonized by the protein kinase A blocker 
Rp-cycli: adenosine 3 » , 5 ' -phosphorothioate (Rp-cAMP) . In conclusion, 
the adenosine-induced inhibition of neutrophil activation is mediated 
by adenosine A2A receptors. 
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1. We demonstrate that 8 - ( noradamantan- 3-yl ) - 1 , 3-dipropylxanthine 
(KW-3902) IS a very potent and selective adenosine Al receptor 
antagonist , assessed by radioligand binding and cyclic AMP response 
in cells. 2. In rat forebrain adenosine Al receptors labelled with 



[3H] -cvcl'jhexyladenosine^^CHA) , KW-3902 had a Ki value o^^.l9 nM, whereas 
it sh'^.weri a Ki value o^^Bo nM in rat striatal A2A recep^^s labelled with 
-2- [p- (2-carboxyethy^^phenethyl amino] -5 ' -N- ethyl carb^Kmidoad enosine 

(CGS2 1^-.30 I , indicating 890 fold Al receptor selectivity versus the A2A 
recept.^r. ;<'W-3902 at 10 microM showed no effect on recombinant rat A3 
recept>:r5 exp.ressed on CHO cells. 3. Saturation studies with [ 3H ] -?CW- 3902 
reveai-d rh.^t it bound with high affinity (Kd = 77 pM) and limited capacity 

(Bmax ■ 4^0 fmol mg-1 of protein) to a single class of recognition sites. A 
high }. 35it:ve correlation was observed between the pharmacological profile 
of adenosine ligands inhibiting the binding of [3H] -KW-3902 and that 
r.f [ 3}-: ] -'::ha . 4. KW-3902 showed potent Al antagonism against the inhibition 
f to: sk'.v: :n-induced cyclic AMP accumulation in DDTl MF-2 cells by the 
7Al-sel^ct LV- agonist, cyclopentyladenosine with a dissociation constant (KB 
value) -z-f 0.34 nM. KW-3902 antagonized 5 ' -N-ethylcarboxamidoadenosme- elici 
ted cy.:-lii- AT^P accumulation via A2B receptors with a KB value of 52 
nM. ""j . /"^.V - 3 ^'02 exhibited marked species-dependent differences in the 
iiindm : nttmities. The highest affinity was for the rat Al receptor (ki = 
;H; i/.i: these values for gumea-pig and dog Al receptors were 1.3 and 

i: nM, :::ively. 
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1. One t'lesence of A2 receptors mediating relaxation in the rat isolated 
aorta na r een previously demonstrated. However, agonist dependency of the 
,3iegi^ee nghtward shift elicited by 8-sulphophenyltheophylline (&-SPT) 

led z :0;- suggestion that the population of receptors in this tissue is 
:-;.:.t ri :■: I 'i-'neous one. In this study we have re-examined the effects of 

r-SPT m M.e absence and presence of the NO synthase inhibitor L-NAME 
(NG-ni- ro-O-arginine methyl ester) and investigated antagonism of responses 
by tn- potent A2a receptor ligands PD 115,199 

(N- [2 - Jim-::" hylamino) ethyl] -N-methyl-4- (2,3,6, 7- tetrahydro-2 , 6-dioxo-l, 3 
dipropy 1 - J -purin-8-yl ) ) benzene sulphonamidexanthine ) , ZM 241385 

[ 4 - (2 - 7 - ^-iun.:)-2- (2-furyl ) [1,2,4] -triazolo [2,3-a] [1,3,5] triazin-5-yl ammo 
1 ethyl ph-:.-l), and CGS 21680 ( 2 - [ p- ( 2-carboxyethyl ) phenylamino ] - 5 ' -N-ethyl 
carbov,,^mi :;denosine ) . We have also investigated the antagonist 
effect- BWA1433 ( 1 , 3-dipropyl- 8- ( 4-acrylate ) phenylxanthine ) which has 

been ^hov/n to have affinity at rat A3 receptors. 2. Adenosine, R-PIA 
{N6-R-phenyl isopropyl adenosine ), CPA (N6-cyclopentyladenosine ) and 
NECA ■ 0 ' -::-er hylcarboxamidoadenosine) all elicited relaxant responses m 
the p::en\'- -plirme pre-contracted rat isolated aorta with the following 
rotenc-.' :.t:..eL- (p[A50] values m parentheses): NECA {7.07 +/- 0.11) > R-PIA 
\0.65 :.I0) > CPA {5.05 +/- 0.12) > adenosine (4.44 +/- 0.12). 3. 

8-SPT (L:. 100 microM) caused parallel rightward shifts of the E/ [A] curves 
to NECA (pr;B ^ 5.23 +/- 0.16). A smaller rightward shift of E/ [A] curves to 
CPA wa.b ...i^served (pA2 = 4.85 +/- 0.17). However, no significant shifts of 
E/[A] -ur-.'--s to either adenosine or R-PIA were observed. 4. In the 
.=,bsen::t- . : endothelium E/ [A] curves to NECA and CPA were right-shifted 
: jmpdit :i - j.mtrols. However, removal of the endothelium did not produce a 
substanti. shift of adenosine E/ [A] curves, and E/ [A] curves to 
R-PIA wer- unaffected by removal of the endothelium. 5. In the presence of 
L-NAME (IJ: microM) E/ [A] curves to NECA and CPA were right- shi f ted . 
However, n'Z' further shift of the CPA E/ [A] curve was obtained when 8-SPT 
(50 microM) was administered concomitantly. The locations of curves to 



P-PIA and adenosine wer^|aaf f ected by L-NAME (100 microM||^6. In the 
presence c f PD 115,1^^B(0.1 microM) a parallel righ^B:d shift of NECA 
E/[A] cu::ves was obse^ed (pA2 =7.50 +/- 0.19). PD n5,199 (0.1 and 1 
microM' ga\-e smaller rightward shifts of E/ [A] curves to R-PIA and CPA, but 
E/[A] :uL\'es o adenosine were not significantly shifted in the 
presen e f PI' 115,199 (0.1 or 1 microM) . 7. The presence of ZM 241385 (3 
microM) caused parallel rightwad shifts of NECA E/ [A] curves (pKB = 
c^73 ^ - 0.11). No significant shifts of E/ [A] curves to adenosine, 
CPA Of ?~F'IA were observed in the presence of 0.1 microM ZM 241385. 8. CGS 
2L680 ■; 1 microM) elicited a relaxant response equivalent to approximately 
40 ^ ot the NECA maximum response. In the presence of this concentration of 
CGS 2Io80, E/(A] curves to NECA were right-shifted in excess of 2-log 
units, whereas E/ [A] curves to R-PIA were not significantly shifted. 9. 
BWA14.::3 (100 microM) caused a small but significant right-shift of the 
E/ [A] i-urve to R-PIA yielding a pA2 estimate of 4.1 IB-MECA 
(No- ( .i- L :.d :'- benzyl ) adenosine -5(1) -N-methyl uronamide) elicited 
relaxant r-.7;i:.onses which were resistant to blockade by 8-SPT (p[A]50 = 5.26 
4/- O.l.:-;. 10. The results suggest that whereas relaxations to NECA (10 
nM-^ :ti:. :-r 1 are mediated via adenosine A2a receptors, which are 
locat^'i; a: least m part on the endothelium, R-PIA and CPA may activate 
A2b re .:ep*:. rs on the endothelium and an additional, as yet undefined 
site, whi IS likely to be located on the smooth muscle and which is not 
susceptiri^:- to blockade by 8-SPT, PD 115,199 or ZM 241385. This site is 
unlikely be an A3 receptor since the very small shift obtained in the 

j;. resell :f BWA1433 (100 microM) , and the low potency of IB-MECA is not 

■ )nsi.-^ •'.a'^ '^Mth the affin 



2/3, AB'. -.4 (Item 64 from file: 155) 

I-IALOGC- : H^ile i55:MEDLINE (R) 

■0300014-' ;-6422742 PMID: 8825359 

Char e : :. zation of Pl-purmoceptors on rat isolated duodenum 
longit U'.lLna 1 muscle and muscularis mucosae. 

NichC'llb :'; Brownhill VR; Hourani SM 

Recept ■jr.-r' and Cellular Regulation Research Group, University of Surrey, 
Guildfo rd. 

Briti.^h journal of pharmacology (ENGLAND) Jan 1996, 117 (1) pl70-4, 
ISSN 0:::;i7-:i83 journal Code: BOO 
Lan.r..a..:Te.- : ENGLISH 
I)ocu:n-iit: type: Journal Article 
F: e c o id z-^'oe : C omp 1 e t e d 

1, PI puimoceptors mediating relaxation of the rat duodenum longitudinal 
muscle .md contraction of the rat duodenum muscularis mucosae were 
■:-ha ra'-T -^^ rvi by the use of adenosine and its analogues, 

■; ' -N- /l : r:.o:-:amidoadenosine (NECA), N6-cycl opent yl-adenosine 

:rpA , ;phenylisopropyl) adenosine (R-PIA), 2-chl oroadenosme 

(2-CAD:ji and 2-p- ( ( carboxyethyl ) phenethylamino ) - 5 ' -carboxamidoadenosine 
(CG32 :6-::"i ; , as well as the Pl-purinoceptor antagonist 

8 -pher.yltneophylline (8-PT) and the Al-selective antagonist , 
1 , 3-dipropyl-8-cyclopentylxanthine (DPCPX) . 2. In the rat duodenum 
longitudinal muscle, the order of potency of the adenosine agonists 
was CPA > NECA > adenosine > CGS21680. DPCPX antagonized responses to 
CPA and NECA at a concentration of 1 nM suggesting that they are acting at 
Al receptors. A Schild plot versus CPA gave a slope near to unity (slope = 
0.95 5) and a pA2 of 9.8 confirming that CPA was acting via Al receptors. 
Schild analysis for DPCPX versus NECA, however, gave a slope of 0.674 
suggesting that NECA was acting on both Al and A2 receptors. CGS21680, a 
i-electia.'e A2a agonist, was much less potent than adenosine suggesting 
that t.-.-i rK.^ receptors are of the A2b subtype. 3. In the rat duodenum 
muscul .i : I mucosae, the order of potency of the adenosine agonists 
was NEl:a or = R-PIA = CPA > 2-CAI)0 > adenosine, and DPCPX 

antagonizeci responses to CPA and NECA at a concentration of 1 microM. 
CGS21680, at, a concentration of 10 microM, had no effect on this tissue. 
This sug:jt-sts the presence of A2 receptors in this tissue and that they are 



of the A2b subtype. 4 .^^ese results are in agreement previous 
studies m the whole ^■odenum showing the presence ^^H-l A2b 
receptors causing relalKion, and this shows that the ]^ff^itudinal muscle 
dominates the response of the whole tissue. In addition, a contractile 
A2b receptcr has been revealed on the muscularis mucosae, the first 
time this subtype has been reported to elicit an excitatory response in a 
smooth niuscLe preparation. 
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The re'-e:.tly cloned G protein-coupled adenosine A3 receptor has 
teen pr:)p:-:ed to play a role m the pathop'hysiology of cerebral ischemia. 
Becaus-' pn.:' - pliolipase C activation occurs as a very early response to brain 
ischemia, we evaluated the ability of A3- selective and nonselective 
adenosine analogues to elicit phosphomositide hydrolysis. In 
myo- [ ::H ] Lnc'.e 1 tol-labeled rat striatal and hippocampal slices, A3 agonists 
t imul.^:*: ed formation of [3H] inositol phosphates in a 

ror.cevr. I'l^i ii-dependent manner. In striatum, the potency order was 
I - Lc V ~N-; ; : - lodobenzyl ) - adenosine - 5 ' -N-methyluronamide > or = 
K6 ' ( 3- I ■ jd':';:'-::nzyl ) - adenosine- 5 ' -N-methyluronamide >> N-methyl- 1 , 3-di- 
n-buty 1 xan: :\ine-7-beta-D-ribofuronamide > or = 5 ' -N-ethylcarboxamidoadenosi 
ne > 'I'r = N6-2- { 4-aminophenyl ) -ethyladenosme > N6- (p-sul f ophenyl ) - 
adenosine ^ 1 , 3-dibutylxanthine- 7 - riboside, which is identical to 
the f)Sten:-y order in binding studies at cloned rat A3 receptors. 
Stimulation of phospholipase C activity was abolished by 
guanosine-5 '-'3- {2-thiodiphosphate) , confirming the involvement of a G 
proteirv- ..:.jled receptor. Activation of phospholipase C was higher in the 
striatum in the hippocampus, consistent with A3 receptor densities. 

Stimulat LC'T. jf phospholipase C activity by adenosine analogues was 
only m'j-destly antagonized by xanthine derivatives and at much higher 
coni::ent rat 1 T'HS than needed for blocking adenosine Al, A2A, and 
A2b r-"''3}: r :'rs . In the presence of an A1/A2 antagonist, a 
select r/e A3 m rat striation. Thus, stimulation of phospholipase C 
activity ^.gjnist only weakly inhibited f orskolin-stimulated adenylyl 
cyclas-- ac:i-/ity represents a principal transduction mechanism for A3 
receptiis in mammalian brain, and perhaps A3 receptor-mediated increases of 
mositcl p.:;osphates in the ischemic brain contribute to neurodegeneration 
Ly ra.i intracellular calcium levels. 
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Participation of adenosine receptors in the depression of synaptic 
transmission during hypoxia, and the production of multiple populations 
spikes m tiie pyramidal neurons following hypoxia, has been investigated in 
the CM area of the rat hippocampal slice. A method is presented for 
analysing :.uch hyperexcitabilit y, using input/output curves of the second 
population spike. This method provides evidence that rebound 
hyperexcital: ility following hypoxia or prolonged adenosine-mediated 
inhibition results from an increase in excitability of the CAl pyramidal 
neuron.s ra^'her than from an increase m excitatory neurotransmitter 
release. H'/p Dxia-induced depression of the synaptic components of evoked 
field potentials was blocked in a concentration dependent manner by the 
selective 7.1 receptor antagonist 8-cyclopentyltheophylline (8-CPT), 
demonstrating extracellular accumulation of adenosine during hypoxia. 
Upon reoxycrenation of slices following 30 min hypoxia, multiple population 
spikes evoked by a single orthodromic stimulus in slices that 

exhibi'e^i cnly a single population spike prior to hypoxia. Such 
pC'St-h'/p j:: : hyperexci tabi li ty was not prevented by superfusion of slices 
with during hypoxia. Depression of synaptic transmission by 30 min 

superfuiioii of slices with 50 microM adenosine was also followed, 
upon wash:\.t, by the appearance of multiple population spikes. However, 
such hyperexcitability could not be produced by superfusion with 
adenosine analogues selective for Al receptors, cyclopentyladenosme , 
selective for A2a receptors, 2-p- { 2-carboxyethyl ) phenetheylamino-5 ' -ethylca 
rboxamidoad-nosine {CGS 21680), or active at A2a and A2b receptors, 
N6- [2- ( !:i-i-iimethoxyphenyl) -2- { 2-methylphenyl ) ethyl ] adenosine, sugges 
tmg that adenosine receptors other than the Al, A2a or A2b 
subtyjj'eo .^:;e involved in its generation. 
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V7e na-.^e characterized the in vitro pharmacological profile of the new 
potent and selective A2a adenosine receptor antagonist SCH 
582 61 [7- (j-phenylethyl) -5-amino-2- (2-furyl) -pyrazolo- [ 4 , 3-e] -1, 2, 4-triazo 
lo [ 1, 5-.: ] pyrimidine] - In binding studies on rat and bovine brain tissues, 
SCH 582 61 snowed affinity in the low nanomolar range at A2a adenosine 

striatal receptors and good A2a adenosine vs. Al adenosine 
selecti'/ity (about 50- to 100-fold in rat and bovine brain, respectively) . 
SCH 5:: 261 did not show affinity for either the A3 adenosine receptor 
or oth-r re :eptors at concentrations up to 1 microM. Saturation experiments 
on rat Al and A2a adenosine receptors indicated the competitive 
nature the antagonism. SCH 58261 antagonized competitively the effects 

induce:! by the A2a adenosine -selective agonist CGS 21680 
(2 [4- ! 2 -carb Dxyethyl) -phenethyl-ammo ] -5 ' -N- ethylcarboxamidoadenosine ) in 
tw.-j f ,:i :tioiiil assays, such as inhibition of rabbit platelet aggregation 
and p;>r.:ine coronary artery relaxation. Specifically, the compound showed 
pA2 Values of 7.9 and 9.5, respectively. SCH 58261 (300 nM) failed to 
antagonize 5 ' -N-ethylcarboxamidoadenosine-induced vasorelaxation in the 
isolated guinea pig aorta, a response mediated by A2b adenosine 
recept'jrs. Likewise, at the same concentration, the compound weakly 



inhibited ':he Al aden^^ne -mediated negative chrono^|^ic effect 
induced Ly 2 -chloro-N^^Pclopentyladenosine in the j^^ated rat atria. 
These dai.a show that S^H 58261 is a potent and selecti^^^on-xanthine A2a 
adenosine antagonist which has competitive properties in 
biological responses mediated by this receptor subtype. The compound is of 
interest for investigating the biological role of A2a adenosine 
receptors and deserves further attention to clarify the therapeutic 
potential of A2a antagonists. 
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The cytokine interleukin (IL)-6 has recently been demonstrated to play a 
role m the pathology of Alzheimer's disease (AD). The mechanisms leading 
to m-ieas-d IL-6 levels m brains of AD patients are still unknown. 
Because in experimental animals ischemia increases both the levels of 
(-ytokm-s ar.d the extracellular concentrations of adenosine m the 
brain, w^- hypothesized that these two phenomena may be functionally 
connecr^d and that adenosine might increase IL-6 gene expression in 
the brain. Here we show that the mixed Al and A2 agonist 
5 • - (N-ethylcarboxamido) adenosine (NECA) induces an increase in IL-6 
mF'.NA l'-:v^tl.i and protein synthesis in the human astrocytoma cell line U373 
MG. Tl:e Al-specific agonists R-phenylisopropyladenosine and 

cyclopei.tyl :.denosine are much less potent, and the A2a-specific agonist 
CG3-2i H'.O ' snows only marginal effects. Increased levels of mRNA are already 
found wmnm 30 min after NECA treatment. The A2a-selective antagonists 
S- {^-ch\o::^Jsr.yryl) caffeine and KF17837 [ ( E ) - 8- ( 3 , 4-dimethoxys tyryl ) - 1 , 3-di 
P'ropyl - ■ -i:ie: hylxanthme] , which have also some antagonistic properties at 
A2b r-^ -e]-: t : rs , and the nonspecific adenosine antagonist 

-c nen "liie jpnyiime were equipotent at inhibiting the NECA-mduced 
increa.ri- m IL-6 protein synthesis, whereas the specific Al 
antagonist - cyclopentyl- 1 , 3 dipropylxanthme is much less potent. 
The results indicate that adenosine A2b receptors participate 
in the retruiation of the IL-6 gene m astrocytoma cells. 
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Previ JUS studies m our laboratory identified N6-endonorbornyl - 9-methylad 
enine (N-0861) as a highly selective (100-fold) Al-adenosine receptor 
antagonist ( f:B = 500 nM) . However, its moderate potency limits the 



degree of Al- receptor ^^ockade that can be achiev^i^by systemically 
administered N-0861. Sti^Bure activity studies were und^Mken to invent a 

compound tliat had gre^^r affinity for the Al-adenosif^ receptors 
than N-0361 . C8-N-methylisopropylamino-N6-5 » -endohydroxy-N- 0 8 61 (WRC-0571) 
mhibi-ed [ ;?H ] -N6-cyclohexyladenosine (CHA) binding to guinea pig 
Ai-rec*-ptc. with a Ki value of 1.1 nM. WRC-0571 was 200-fold less potent 
at. in; ili:..*:inu [ 3H ] - 5 ' -N-ethylcarboxamidoadenosme binding to bovine A2a 
recepr; :r,:; ( Ki = 234 nM) . WRC-0571 also inhibited the binding of 
radiol:. gands to cloned human Al, A2a and A3 adenosine receptors with 
affini^ie^ of 1.7, 105 and 7940 nM, respectively. Thus in human 
adenosine re.^eptors, WRC-0571 is 62-fold selective for the Al vs. A2a 
and 4670- fold selective for the Al vs. A3 receptors; WRC-0571 is therefore 
the most Al vs. A3 selective compound yet described. In guinea pig isolated 
atria, WRO0571 antagonized the Al-mediated negative inotropic responses to 
5 . -^-ethyicarboxamidoadenosine (NECA) with a KB of 3.4 nM. WRC-0571 was 
more thar. 2500-fold less potent at antagonizing NECA-induced A2b 
-medlar e^.-i relaxation in guinea pig aorta. In anesthetized rats WRC-0571 
antagonized adenosine-induced bradycardia at concentrations as low as 
1 nmol/l-j-r lut failed to antagonize A2 -mediated hindquarter vasodilation at 
concent r.^^'.LCJis up to 10,000 nmol/kg. WRC-0571 is orally active at 
concern r.H- ]rn~. as low as 0.3 mumol/kg. WRC-0571 is therefore a highly 
potent, ::i^H'iiIy selective antagonist of Al-adenosine receptors 
both ill '/i^ro and in vivo. 
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Adenosine inhibits growth of rat aortic smooth muscle cells. 
Possible role of A2b receptor. 
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Abno:maL growth of vascular smooth muscle cells (SMC) is frequently 
associ-.te^i with hypertension and atherosclerosis, and homeostasis within a 
normal -e.rsel is maintained by the balanced generation of both 
vasoconst LM : tors and vasodilators. Moreover, several endogenous 
vasocons t r:i mg factors induce SMC growth, whereas several vasodilators 
mhibi: 311 1' growth. Inasmuch as adenosine is a potent vasodilator, it 
IS po =i;iL- that it too could inhibit SMC growth. Hence, the effects of 
adenosine ^:'(-8) to 10 (-3) mol/L), 2 -chloroadenosine (a stable 
analog .e i adenosine ; 10 (-8) to 10 (-3) mol/L), and 8-bromo-cAMP 
{I0(-8) i:M-3) mol/L) on fetal calf serum (FCS; 2 . 5 %) -induced growth of 

rat a'l.rtir SMC were evaluated. Growth was analyzed by assaying DNA 
synthesis (thymidine incorporation in SMC pulsed for 4 hours with 1 
microCi/mL [ 3H] thymidine ) and cell proliferation {change in cell number). 
Growth~ar re:: ted SMC were treated with 2.5% FCS in the presence and absence 
of adenosine, 2-chloroadenosine , or 8-bromo-cAMP for 24 hours for DNA 
synthesis :r 4 days for cell proliferation. All three substances inhibited 
DNA synthe.-i3 and cell proliferation in a concentration-dependent manner. 
Compared with adenosine , 2-chloroadenosine was more potent in 
inhibitin:[ ;jrowth. The inhibitory effects of 2-chloroadenosine were 
reverse! KF17837 (a specific A2 receptor antagonist) but not by 

DPCPX (-1 specific Al receptor antagonist ). Furthermore, the 
inhibitory effects of 2-chloroadenosine were not mimicked by CGS21680 (an 
A2a recepr:r agonist), and the effects of N6-cyclopentyladenosine (CPA; an 
Al receptor agonist) were not markedly more potent than those of 
2-chlorciadeiiosine, suggesting that the inhibitory effects of 



adenosine are possibly^iiediated via A2b receptors, ^^ese 
studies provide evider^^^ that adenosine inhibits Sl^^^rowth and 

suggest that a decrease ^^local levels of adenosine may ^Ktiate SMC 

growth and contribute to the vascular remodeling process observed m 
hypertensi and atherosclerosis. 
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Adenosine A2b receptors evoke interleukin-8 secretion in 
human :u.a3t "-ells. An enp ro fyl line- sensitive mechanism with implications for 
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Adenosine potentiates mast cell activation, but the receptor type 
and mclei-ular mechanisms involved have not been defined. We, therefore, 
investigare<l the effects of adenosine on the human mast cell line 
HMC-I. 3:'t:\ the A2a selective agonist CGS21680 and the A2a/A2b 
HLTioel'-ctiv- agonist 5 ' -N-ethylcarboxamidoadenosine (NECA) increased cAMP, 
but N?: CA '.'■•'.as fourfold more efficacious and had a Hill coefficient of 0.55, 
sugges-:in:: the presence of both A2a and A2b receptors. NECA 10 microM 
evoked li-- release from HMC-1, but_r.GSZ168 0 10 microM had no effect. In 
sep^ara^e studies we found that ^(gn£ rof ylline ,^ an antiasthmatic previously 

tlLOU-'jl^^^ i^^U^^^'k adenosine antagoni sT^c^-pi^per^ies , is as effective as 

-fireoph/fiin-^"^ as an antagonist^ of A2b receptors at _ 

c^:: n ::eir. raj^-^hc achieved clinically Both" l:heophyl line " and enprofylline 300 

mLrro cDniLletely blocked the release of IL-8 by NECA. NECA, but not 
CGS2I6-::0, increases inositol phosphate formation and intracellular calcium 
mobilizati through a cholera and pertussis toxin-insensitive mechanism. 
In co:-.clu.=.ion, both A2a and A2b receptors are present m HMC-1 cells 
and a:e I'l^upiled to adenylate cyclase. In addition, A2b receptors are 
couple'i phospholipase C and evoke IL-8 release. This effect is blocked 

by theophylline and enprofylline, raising the possibility that this 
mechanism contributes to their antiasthmatic effects. 
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Adenosine causes bronchoconst notion both in vivo and in vitro in 
human asthmatics. In an m vivo rat model of adenosine- induced 
bronchc'const riction, the order of bronchoconst rictor potency of 
adenosine analogues was NECA = CPA > APNEA > CHA > R-PIA > CGS2168 0. 
This :rd-f:r of potency does not fit with the classical order of potency for 
a sin;:le subtype of adenosine receptors. The complete lack of 
bronch'i consc rictory activity of CGS21680 suggests, nevertheless, that the 
A2A recep'tir subtype is not involved in the adenosine-induced 



bronchocoiist riction . A ^^markable finding was the dose^^sponse curve to 
APNEA, which is thought ^Bh^ve some selective activity o^Hie A3 receptor. 

The A2A-3elective antagon^t KF17837 (10 (-7) to 10 (-5) mo^^g) had no 
significant inhibitory activity on the adenosine -induced 
bronchcconst notion. The Al antagonists, KF15 37 2 and KW3 9 02, both 
significantly inhibited the NECA-induced bronchoconstriction m BDE rats. 
We, rhe ref ore, conclude that the adenosine -induced 

bronch.: constriction in the rat is most likely due to binding of 
adenosine to different receptor subtypes including the Al, A2B 
and a:- sui: types . 
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Biochemical and pharmacological evidence for the presence of Al but not 
A2a adenosine receptors in the brain of the low vertebrate teleost 
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In whole brain membranes of goldfish, 3H-chlorocyclopentyladenosine bound 
to adenosine Al receptors . The Al receptors were ubiquitously 
distrilyareo m the brain with a maximum in the hypothalamus and a minimum 
m the :rpinal cord. In superfused goldfish cerebellar slices, 
cyclohe:-:yl ;i<-ienosine inhibited the cyclic AMP accumulation stimulated by 
forskoim and the selective adenosine Al receptor antagonist, 
8-cycl-i: entyltheophyllme, reversed this effect. In the same brain 
prepar.:.t LOT., 30 mM K+ stimulated the release of glutamate, glutamine, 
glycm'^- a:.-.; GABA in a Ca ( 2 + ) -dependent manner, whereas the aspartate and 
taurin- release was Ca ( 2+ ) -independent . Cyclohexyladenosine , in a 
dose-d-r end'-nt manner, inhibited the 30 mM K( + ) -evoked release of glutamate 
wherea;^ ::.at of aspartate was unaffected. The CHA inhibition of 
giutam : e--v''jked release was reversed by 8-cyclopentyl theophyl line . The 
adenosine ^^ta receptors were not detectable in whole brain membranes 
of gjldfi.rh either using the specific agonist 3H-CGS 21680 or 
3H- 5 ' -N- ethylcarboxamidoadenosine . The presence of A2b seems to be 
suggested h y the NECA stimulation of cyclic AMP accumulation, which was 
reversed i^y 8-cyclopentyltheophylline . The results, taken together, 
indicate tnnt adenosine has a neuromodulatory function in the nervous 
system of lower vertebrates which is comparable to that described m 
mammal 1 an ci ram . 
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Adenosine -induced vasodilation: receptor characterization in 
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Adenosine' mediates ^^cular smooth muscle relaxat^^ in the 

pulmonary circulation. ^Ke A2 receptor has been su^isted to mediate 
adenosine- induced vasodilation (AIV) . In this study, the effect(s} of 
sel ect ive adenosine agonist and antagonist on the hypoxic 

pressot r'--p"nse (HPR) was assessed in the isolated blood-perfused rat 
-ung. Adenosine {0.075-7.5 mM) infusion (0.125 ml/mm) into the 
pulmonary firtery dose dependently attenuated the HPR. AIV was mimicked by 
iO microM 5 '- {N-ethylcarboxamido ) adenosine (NECA) , a nonselective 
adenosine Agonist, Adenosine - and NECA-induced vasodilation 
were attenuated by 67 microM 8- (p-sulfophenyl ) theophylline . In contrast, 
NECA-induce.:i vasodilation was not attenuated by the Al antagonist 
H-cyclopentyl-1, 3-dipropylxanthine {1 microM) . At 10 microM, a minimal 
vasodil ate r-,' effect was seen with the nonselective adenosine agonists 
CV-I80e ano N6- ( 2-phenylisopropyl } adenosine (R-PIA) compared with 
UECA. Tne highly selective A2a agonist 2- [p- { 2-carboxyethyl ) phenyl 
ammo] - 5 ' -:i-ethyl carboxamido adenosine {CGS-21680C, 10 microM) and 
Al ag'jni.?t j-chloro-N6-cyclopentyladenosine (CCPA, 10 microM) had no 
vasodil at effect. Neither the K+ channel blockers tetraethylammonium 

chlori.:;e /l 0 mM) and glibenclamide {100 microM) nor the NO synthase 
mhibi^cr y omega-nitro-L-argmine methyl ester attenuated NECA-mduced 
wasodilat Lo:.. These findings suggest that AIV is mediated via the A2b 
receprc r ar.d that AIV occurs via an NO-independent mechanism. 
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1. E'revi:us studies have shown that the mixed A1/A2 adenosine 
agoni.:: ':■ ' -:J-ethylcarboxamido-adenosine (NECA) inhibits intestinal 
fluid .r^ - r-*:. 1 .m which is thought to contribute to its antidiarrhoeal effect 
in th'i' r.^^ . The aim of this study was to characterize the adenosine 
receptor m-:iiating this antisecretory effect via functional studies using a 
range o f selective agonists and antagonists and by applying the 
f.harma ;i: '::al criteria of relative agonist and antagonist 

p^.ren le.: . . Adenosine agonists and antagonists were administered 
i.v. .i: a---sthetized rats. Intestinal secretion was then stimulated by 

i.a. mf^.-^ion of vasoactive intestinal peptide (VIP, 0.8 microgram min-1) 
cind tn-r fluid transport across the wall of the jejunum was measured by 

a reel r:ui:ition technique. 3. The rank order of agonist potency to reduce 
the response to VIP was: NECA > N6-cyclopentyladenosine (CPA) > 
F-N6- ( 2 -phe:-iyiisopropyladenosine) (R-PIA) > S-PIA > chl or oadenosine 
(2-CAD'j) • 2-phenylaminoadenosine (CV-1808) . This order best complies with 
the rank : rder of agonist potency that represents activation of the 
recently d-s^^ribed A2B receptor: NECA > 2-CADO > R-PIA = CHA > S-PIA 
. = ,2V-i^'-S > = CGS-21680. The most potent agonists (NECA, CPA and RPIA) 
had e:)5:) lues m the low microgram range. 4. The ani tsecretory action of 
NECA (Siom.XLmal dose of 40 micrograms kg-1) was antagonized equally 
! appro:-:: m.^:-ly bOi) by the selective adenosine antagonists 
:---ycl :;pen';vl-l, 3-dipropylxanthine (DPCPX, 0.1 mg kg-1) and 

-i-phenylth-r .phylline (8-PT, 0.1 mg kg-1). This equipotent activity 
indicates the presence of an A2 and not an Al receptor. (ABSTRACT TRUNCATED 
AT 250 WORDS) 
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Adenosine is thought to be a major effector in immunological 
st.imulat.Lc:.n of Cl- secretion m intestinal epithelia. Previous studies 
indicate that both apical and basolateral domains of intestinal epithelial 
cells possess functionally defined adenosine receptors. However, it 
IS unclear whether the same receptor subclass is expressed, what the 
receptor subclass (es) is, or how the receptors signal the Cl- secretory 
respon.^e. v;e now characterize the intestinal epithelial adenosine 
receptcr subtype using the model epithelium, T84. Both apical and 
basolateral adenosine receptor agonist response profiles revealed a 
hierarL ti/ (ED50)' of 5 '-( N-ethylcarboxamido ) adenosine > 

adenosine > CGS-21680. Similarly inhibition studies -revealed 
identi.:al IIoO hierarchies for apical and basolateral antagonism by 
xanthirie ainme congener > 1 , 3-diethyl- 8-phenylxanthine > ammophyllme . 
Ai-ialys^- jf both agonist and antagonist pharmacological hierarchies 
lu Chiii-eie namster ovary cells stably expressing the A2b receptor 
.>.veal'-.i -:iese same hierarchies. Northern blots performed on RNA extracted 
from r; laiized T84 monolayers demonstrated no detectable message for Al or 
A2a adenosine receptor, but strong hybridization was detected for the 
A2b adenosine receptor. Subsequent Northern blots of RNA 
prepared from human alimentary tract revealed that A2b 
adenosine receptor message was heavily expressed throughout the 
colon, m the appendix, and more modestly expressed in the small intestine 
(ileumi . Analyses of cAMP generation m T84 cells in response to 
adenosine iiidicated that the basolateral A2b receptor elicits 
Cl- se..'retion through this signaling pathway. Stimulation of Cl- secretion 
through the apical A2b receptor exhibited relatively small but 
significant increases in cAMP compared with basolateral stimulation. The 
protein kinase A inhibitor H-89, used at concentrations that did not affect 
short cir::uit current responses to the Ca ( 2+ ) -mediated agonist carbachol, 
effect i\'el-/ inhibited short circuit current elicited by either apical or 
tiasola:-ral adenosine . These data suggest that the major intestinal 
epithelial adenosine receptor is the A2b subclass, which is 
posLti-/ely coupled to adenylate cyclase. Such observations have potentially 
important implications for the treatment of diarrheal diseases. 
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The A2a adenosine receptor (AR) mediates several important 
physiological effects of adenosine , including vasodilation and 
mhibitiDn of platelet aggregation. Until recently, no antagonist 
radioligand of sufficient selectivity or affinity was available. We 
describe the synthesis and characterization by radioligand binding of 
1251-4- (2- [^-amino-2- 2-furyl 1,2,4 triazolo 2,3-a - 1,3,5 
triazin- ^S-yi-amino] ethyl) phenol (125I-ZM241385) in membranes from two cell 
types that express A2a ARs . Membranes from Chinese hamster ovary (CHO) 
cells ex}::ressing a recombinant canine A2a AR bound 125I-ZM241385 with high 
affinity, ar.d agonist competition experiments with 2- (p-carboxyethyl ) -pheny 
lammo- : ' - N'- carboxamidoadenosine , 5 ' -N-ethylcarboxamidoadenosine , and 

(-} -N6 [( Ri -t henylisopropyl ] adenosine revealed a potency order 
character! 1 - of an A2a AR binding site. Membranes from bovine striatum, 
whi:l\ c.:rit.i.i.n a native A2a AR, also bound 125I-ZM2 14385 with similarly high 
-iff LUX'/ i:.d also displayed a pharmacological profile for displacement of 
r ,;iaiol i .| i]\a binding that was consistent with that of an A2a AR. Also, under 
■::cnditi>.:ri£ m which 1251 -ZM241385 bound with high affinity to a recombinant 
rat A2a A? expressed in CHO cells, no specific binding was detectable m 
membran-s from CHO cells expressing functional rat Al, A2b, or A3 
APs, indicating that over the range of concentrations used m radioligand 
binding assays, 125I-ZM214385 is a highly selective antagonist 
radio! igar:d for study of A2a ARs within a given species. 
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1. This paper describes the in vitro pharmacology of ZM 241385 
( 4- (2- [ 7~amino-2- (2-furyl) [1,2, 4 ] -triazolo [2 , 3-a] [1,3, 5] triazin- 5-yl 

amino]et.hyl) phenol), a novel non-xanthine adenosine receptor 
antagonist with selectivity for the A2a receptor subtype. 2. ZM 
24 1385 had high affinity for A2a receptors. In rat phaeochromocytoma cell 
membranes, ZM 241385 displaced binding of tritiated 

5 ' -N-ethylcarboxamidoadenosine (NECA) with a pIC50 of 9.52, {95% confidence 
limits, c.l,, 9.02-10.02). In guinea-pig isolated Langendorff hearts, ZM 
24 1385 antagonized vasodilatation of the coronary bed produced by 
2-chlor:.adeiio3ine (2-CADO) and 2- [p- { 2 -carboxyethyl ) phenethylamino ] -5 '-N-e 
thylcarhoxamidoadenosme (CGS21680) with pA2 values of 8.57 (c.l., 
8,45-8.68) and 9.02 (c.l., 8.79-9.24) respectively. 3. ZM 241385 had low 
pijtency at A2b receptors and antagonized the relaxant effects of 
adenosine m the guinea-pig aorta with a pA2 of 7.06, (c.l., 
6.92-7.1^")}. 4. ZM 241385 had a low affinity at Al receptors. In rat 
cerebr-il r-nrtex membranes it displaced tritiated R-phenylisopropyladenosme 
;f-PIA vjL^r.h a pIC50 of 5.69 (c.l., 5.57-5.81). ZM 241385 antagonized the 
bi adyc.-t r :ii : action of 2-CADO in guinea-pig atria with a pA2 of 5.95 (c.l., 
5. 72-6. IB). 5. ZM 241385 had low affinity for A3 receptors. At cloned rat 
A3 receptDrs expressed in Chinese hamster ovary cells, it displaced 
lodinated aminobenzyl-5 ' -N-methylcarboxamido adenosine (AB-MECA) with 
a pIC50 of 3.82 (c.l., 3.67-4.06). 6. ZM 241385 had no significant 



additi-inal pharmacologic^. effects on the isolated tis^^s used in these 
studies at concent rat jjHI three orders of magnitude^^ater than those 
which blC'Ck A2a recepto^WABSTRACT TRUNCATED AT 250 WORD^ 
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Adenosine' receptors and the signaling pathways to which they are 
coupler; were examined in dispersed intestinal muscle cells. The receptors 
were characterized by their ability to induce contraction or relaxation, 
mobilize Cr:2+ and stimulate or inhibit cTXMP, in naive cells and in cells 
where onl\' one receptor type was preserved by selective receptor 
f: r I'tec: i :i. . Adenosine elicited contraction and increased [Ca2 + ]i and 
._AI^.?; :htr contraction was mimicked by the Al selective agonist, 
cyclof-.-j:r yl-denosme. A selective Al antagonist , 

8-cycl': |: entyl - i , 3-dipropylxanthine , and pertussis toxin abolished 

contra ct icn and the increase in [Ca2 + ]i and augmented the increase m cAMP . 
■ronveriely, a preferential A2 antagonist , 9-chloro-2- { 2- f uryl ) 
[1,2,4] triazolo [1, 5-c] qumazolin- 5-amine augmented contraction and the 
increa.:-.e i:. [Ca2 + ] i and abolished the increase in cAMP; a cAMP-kmase 
mhibitc'r, :^p-cAMP[S], had a similar effect, augmenting contrac:tion and the 
mcrea-T i:: [Ca2 + ]i. Adenosine elicited also relaxation of maximally 
contracted cells that increased or decreased in parallel with cAMP. The 
selective A.^ a agonist, 2-p- ( 2 -carboxyethyl ) phenethylamino-5 ' -N-ethylcarboxa 
mido adenosine/ was a very weak relaxant agent, and the selective A2a 
antagonist, 8- ( 3-chlorostyryl ) oaf f eine, had no effect on 

adenosine -iniuced relaxation. In cells where only Al receptors were 
preser\''rd, t:ie cAMP response to adenosine was abolished, although 
contra;:: ion and [Ca2 + ]i were increased to the same extent as when naive 
.::ells w^r re : reated with the A2 antagonist. Conversely, in cells where 
«:nlv A.": rr'::eptors were preserved, contraction and the increase in [Ca2 + ]i 
were %;:-jliihed and the increase m cAMP was augmented to the same level as 
when ive ::ells were treated with the Al antagonist. (ABSTRACT 

truiica'I'f:! a': ::5 0 words) 
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Adenosine A2a and A2b receptors in cultured fetal chick heart 
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Adenosine exerts pronounced biological effects in the heart cell. 



The role jf multiple ^^nosine receptor subtypes in rec^atmg the 
heart cell function i^^not known. Ventricular cells c^^ured from chick 
embryos 14 days in o^^were used to study a novel fea^Se of heart cell 
regulatiDH hy the stimulatory adenosine receptors. The inhibitory 
adenosine Ai receptor pathway was first inactivated by pertussis 
toxin rrea:n\ent of the cultures, and the effects of adenosine 
aginists ar.d antagonists on the heart cell contractile amplitude, measured 
via an coricovideo motion detection system, and on the modulation of cAMP 
level were determined. Adenosine and N-ethyladenosine-5 ' -uronic acid 
(NECA) , eatable of activating both the adenosine A2a and A2b 
receptors, -aused a greater increase in the contractile amplitude than did 
the - se 1 r :tive agonist 2 - [ 4 - ( 2-carboxythyl ) phenylethyl amino ] -5 ' -N-ethylc 
arboxami d': a denosine (CGS21680). NECA caused a biphasic increase m cAMP, 
which r'e'::a:iLe monophasic m the presence of the A2a receptor-selective 
antagonist 8- ( 3-chlorostyryl ) caf f eine, whereas the CGS2 1 68 0-induced 
cAMP response was monophasic. Blocking with 8- ( 3-chlorostyryl ) caf f eine 
abolished most of the CGS2 1 68 0-elicited contractile or cAMP response while 
attenuating only part of the adenosine- or NECA-stimulated responses. 
Blocking with the A2b-selec tive ant agoni st s 1 . 3 -dietjyyl^ B -phenyl xanth „ 
iae or all oxazine~~'caused a more pronouli"^ed inhibititon of the contractile 
or CAM? response by adenosine or NECA than by CGS21680. Affinity of 
the A2a receptor was 60-fold higher than that of the A2b receptor. 
These data .:iemonstrate that a functional A2b receptor is expressed on 
the heart :ell and is capable of mediating augmentation of cardiac myocyte 
cont ra<.:'t Ll i : y and that adenosine A2a and A2b receptors, with 
greatly cifferent affinity, coexist and are coupled to the same functional 
responses. Taken together, the data suggest a novel feature of heart cell 
regulation, where the high-affinity A2a receptor can play an important 
modulatory role m the presence of a low level of adenosine, whereas 
the lov/- a f f nity A2b receptor becomes functionally important when the 
adenosine l>"-vel is high. 
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1 . Adenosine receptor agonists were evaluated for their activity at 
the putative adenosine A3 receptor which mediates a 
' :<anthi ne- resistant ' hypotensive response in the anaesthetized rat. The 
zompour.ds tested were: the A1/A3 receptor agonist, 

i;- [2- ( -ami r.ophenyl ) ethyl] adenosine (APNEA) , the non-selective 

adenosine ;.eceptor agonist, 5 * -N-ethylca rboxamidoadenosine (NECA), 
trie adenosine Ai receptor-selective agonists, N- [( IS , trans ) -2 -hydroxy 
:ycl op ^ntyl ; adenosine (GR79236) and N6-cyclopentyl adenosine 
(CPA), the A2a receptor-selective agonists, 2 - [ [ 2 - [ 4- ( 2 -carboxyethyl) 
pheiryl ] ethyl] amino] -N- ethylcarboxamidoadenosine (CGS21680) and 
^-ph^irylaminoadenosine _ ( CVl 8 0 8 ) ^TX an^^J:^grr z:mQd£xat^l y A2b s elective 
Vgonist^,___JIz^Li^lizmet^ (met ri f udil 2. In 

c^oTTTT^mation .of ^Tterat~url fiTlOTrig^"'^ APNEA (1-1000 nmol kg-1) induced 
hypoter.sion and bradycardia; the hypotension was not blocked by 
pretreatment with the xanthine antagonist, 8- P-sulphophenyltheophylli 
ne {8-sPT; 40 mg kg-1, i.v.), whereas the bradycardia was attenuated. The 
non-xanthme antagonist , 9-fluoro-2- (2-furyl) -5, 6-dihydro 

[ 1, 2, 4 ] triazolo [ 1, 5-c] - quinazin-S-imine (CGS15943A; 3 mg kg-1 i.v.), also 
attenuated the bradycardia without affecting the hypotension. 3. The 



adenosine Al receptor-^^ective agonists, GR79236 anc^CPA, both 
produced dcse-dependent^Hfalls in blood pressure and hea^^rate which were 
antagonized by 8-sPT mg kg-1) and CGS15943A (^hg kg-1). 4. The 

adenosine A2a receptor-selective agonists, CGS21680 and CV1808, 
produced or.ly a hypotensive response which was antagonized by 8-sPT (40 mg 
kg-1) and to a much greater extent by CGS15943A (3 mg kg-1), consistent 
with the response being mediated solely by A2a receptors . (ABSTRACT 
TRUNCATED AT 2 50 WORDS) 
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Studies were undertaken in the rat isolated renal artery in order to 
determine i: adenosine receptor agonists were capable of inducing the 
release f nitric oxide from the renovascular endothelium. 

N6-cyclopencyladenosine (CPA) and 5 ' -N-ethylcarboxamidoadenosine (NECA) 
produced c.:^ncent ration-dependent relaxations in endothelium intact renal 
artery rin':;s. The NECA curve was biphasic with a first phase pA50 of 6.05. 
The CE'A c-;rve was monophasic with a pA50 of 4.35. In the absence of 
endoth-:-liu:n the curves to both NECA and CPA were monophasic with pA50 
values cf 3.37 and 3.50, respectively. The A2a adenosine 
receptor-selective agonist CGS21680 (2- [p- ( 2-carboxyethyl ) -phenethylamino] - 
c t _j^_g,t:]iyl -arboxamidoadenos ine) was inactive in endothelium intact 
tissue- . ^-^-laxant responses to CPA and NECA in the presence of endothelium 
were ai\tagonized by 8 -p-sul f ophenyltheophylline and by 

1, 3-d.i : rop 7_-3-cyclopentylxanthine only at a nonselective concentration (3 
X I0( -':) M) suggesting activation of A2 adenosine receptors. The 
respon-:.e3 ' c CPA and NECA in the absence of endothelium are not due to 
activation of Al or A2 adenosine receptor subtypes because they are 
resistant to blockade by these xanthines. CPA and NECA responses in the 
presence of endothelium were inhibited by NG-ni t ro-L-arginine methylester 
(L-NAME), a nitric oxide synthase inhibitor, but not by the cyclooxygenase 
inhibitor i:.domethacin or the K+ATP channel antagonist glibenclamide . 
These results suggest that the rat renal artery contains A2b 
adenosine receptors that are located exclusively on the endothelium 
and cause tV.e release of nitric oxide. 
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8- {3, 4-Dimethoxystryry^^l, 3~dipropyl-7-methylxanthine ^^xhibited high 
affinity and selectivity^^ adenosine A2A receptors in b^^ing assay 
using rat striatal A2A reff^ptors labeled with [ 3H] 2- [p- { 2^5 rboxyethyl ) -phe 
nethylamii:o>5 ' -N-ethylcarboxamido adenosin e (CGS21680). The affinity was 
stereo selective: the E isomer, KF17837, showed a Ki value of 1.0 +/- 0.057 
nM for the A2A receptors, whereas the Z isomer showed much lower affinity. 
KF17837 had 62-fold selectivity for the A2A receptors versus rat forebrain 
Al receptors labeled with [ 3H] N6-cyclohexyladenosine (CHA). KF17837 was 
rapidly f hotoisomerized to form a stable equilibrium mixture {18% E - 82% 
Z) , KFI7e37S, which showed Ki values of 7,9 +/- 0.055 nM and 390 +/- 68 nM 
for the A2A and Al receptors, respectively. The inhibition type was 
competitive for [3H]CGS21680 binding. In rat pheochromocytoma PC12 cells 
KF17837S antagonized cAMP accumulation induced by 1 microM CGS21680 via the 
A2A receptors, with an IC50 value of 53 +/- 10 nM. cAMP accumulation 
induced kv iO microM 5 ' -N-ethylcarboxamidoadenosine via the A2B 
receptors \n Jurkat cells (human T-cell line) was inhibited by KF17837S 
with ail IC5'j value of 1500 +/- 290 nM. These results indicate that ?:F17837S 
(and hence KF17837) is a highly potent and selective adenosine A2A 
receptor antagonist. 
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1. The effects of adenosine receptor agonists and antagonists on 
the ao i-umulation of cyclic AMP have been investigated in primary cultures 
of rat astrocytes. 2. Adenosine A2-receptor stimulation caused a 
concentration-dependent increase in the accumulation of [3H] -cyclic AMP m 
cells prelabelled with [ 3H] -adenine . The rank order of agonist potencies 
was 5 ' -N-ethylcarboxamidoadenosine (NECA; EC50 = 1 microM) > 
adenosine (EC50 = 5 microM) > 2-chloroadenosine (EC50 = 20 microM) >> 
CGS 2i'^8C' (EC50 > 10 microM). The presence of 0.5 microM dipyridamole, an 
adenosine uptake blocker, had no effect on the potency of 
adenosine . 3. The response to 10 microM NECA was antagonized in a 
concen: rat L': n-dependent manner by the non-selective adenosine 
receptor antagonists, xanthine amine congener (apparent KD = 12 nM) , PD 
115,19'- (apparent KD = 134 nM) and 8-phenyltheophylline (apparent KD = 126 
nM) . Hov;ever, the Al-receptor-selective antagonist 

8-cyclC'f'entyl-l, 3-dipropylxanthine, had no significant effect on the 
responses t NECA or 2-chloroadenosine at concentrations up to 1 microM. 4. 
Stimulation of Al-receptors with the selective agonist, 

N6-cyc] 'jpentyladenosine, did not alter the basal accumulation of 
[3H]-cycli- AMP but inhibited a f orskolin-mediated elevation of [3H] -cyclic 
AMP accumulation by a maximal value of 42%. This inhibition was fully 
reversed m the presence of 0.1 microM, 8-cyclopentyl- 1 , 3-dipropylxanthine . 
5. The time course for NECA-mediated [3H] -cyclic AMP accumulation was 
investigate:!. The results suggest that there is a substantial efflux of 
cyclic \wp from the cells m addition to the rapid and sustained elevation 
of intracellular cyclic AMP (5 fold over basal) which was also observed. 6. 
These data indicate that rat astrocytes m primary culture express an 
A2B-adenosine receptor coupled positively to adenylyl cyclase. 
Furthermore, the presence of Al-receptors negatively coupled to adenylyl 
cyclase appears to have no significant effect on the A2B 
-recept :.r-m.-diated cyclic AMP responses to NECA and 2-chloroadenosine. 
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1. The -ffects of a range of adenosine receptor-selective ligands 
on bcdy ::-.-mpera ture were investigated following int racerebroventricular 
(i.c.v.) a:ji intraperitoneal (i.p.) injection m conscious mice. The 
compounds tested were the non-selective adenosine receptor agonist 
5»-N-ethyl-:arboxamidoadenosine (NECA) , the adenosine Al 

receptor-selective agonists cyclopentyl-adenosine (CPA) , 

(9R-j:'nenyl-isopropyl) -adenosine (R-PIA) and N- ( IS , trans ) - [ 2-hydrox 
yclopen:yl ] - adenosine (GR79236), the A2a receptor selective agonist 
2 - [p_ - ::a r; oxyethyl ) phenethylammo ] -5 ' -N-ethylcarboxyamidoaden osine (CGS- 
21680), z].e A2b receptor agonist N- [( 2-methylphenyl ) methyl [ 
adenosine (metrifudil) and the A3 receptor agonist 

N6- (4-ciiuinor.henylethyl) adenosine (APNEA). 2. NECA ( 0 . 0 1- 1 microgram, 
i.c.v. , a'^l of the Al-selective agonists (0.01-1 microgram, i.c.v.) and 
APNEA I C . .. - i micrograms i.c.v.) produced profound and dose-related 
hypoth-:;ni3i ar.d sedation. However, CGS-21680 (0.1-10 micrograms i.c.v.) and 
met rif .■:1l1 D.01-1 microgram i.c.v.), produced only mild hypothermia at the 
highest d. -ses tested. 3. The hypothermic response to the Al 
recept':'r-s-lective agonists, GR79236 and R-PIA was dose-dependently 
antagonized by peripheral administration of either the non-selective 
adenosine receptor antagonist , 8-phenyitheophylline (8-PT, 
approximately 40 and 30 fold rightward shifts of the dose- response curves 
respectively at 10 mg kg-1, i.p.). or the adenosine Al 
receptor-selective antagonist , 8-cyclopentyl-l , 3-dipropylxanthine 
(DPCPX, app:-oximately 20 fold shift of the GR79236 dose-response curve at 1 
mg k.:^-l,^ i.p.). The hypothermic response to APNEA was similarly 
dose-depend-ntly antagonized by the Al receptor-selective antagonist, 
DPCPv ;5 f:)..d shift at 0.1 mg kg-1, i . p .). (ABSTRACT TRUNCATED AT 250 WORDS) 
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Adenosine has long been suspected to play an important role m 
regulating male reproduction. To determine the sites of adenosine 

action m testis, the distribution of a family of recently cloned 
adenosine receptors was examined in rats. Northern blot analysis and 



in situ hybridization ^tudies revealed high levels of testicular A3 
adenosine receptor r^^enger RNA and lower l^^s of Al 

adenosine receptor mHsenger RNA. Neither A2a n^^A2b 
adenosine receptor gene expression could be detected. In situ 
hybridization and comparative polymerase chain reaction studies showed high 
level A3 -eceptor gene expression in germ cells (spermatocytes and 
spermatids), whereas high levels of Al receptor gene expression was seen m 
Sertoli cells. To test for the presence of functional Al and A3 receptors, 
the requIaMon of adenylyl cyclase by adenosine analogs was examined 
m se:iiinL f-rous tubules and spermatozoa. Treatment of seminiferous tubules 
with forsk ilm resulted m a 5-fold increase in cAMP levels. The A1/A3 
receptC'T agonist iodo-N6-aminobenzyladenosine inhibited f orskolin-stimulate 
d cAMP levels in the presence of the Al 8-cyclopentyl- 1 , 3-dipropylxanthine 
antagonist 8- cyclopentyl- 1 , 3-dipropylxanthine , showing that 

functior.ai A3 receptors were present. The Al-selective agonist 
N-5- rye 1 : p---:i* '/! adenosine also inhibited f orskolin-stimulated cAMP levels, 
-;nowin.- :j. a" functional Al receptors were present. Treatment of spermatozoa 
with l:.rs'< resulted m a 2-fold increase in cAMP levels. However, 

neither i o .io -N6-aminobenzyladenosine nor N6-cyclopentyladenosine altered 
t.asal or f o rskolm-stimulated cAMP levels in sperm. These data show that 
functic^rial inhibitory adenosine receptors are widely distributed m 
testis, wit!: different patterns of expression. 
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To understand the regulation of A2a adenosine receptor (A2a-R) 
response, we examined the molecular mechanisms underlying the 
desensi r izavion of A2a response in rat pheochromocytoma PC12 cells, which 
possess an A2a-R identical with the A2a receptor we recently cloned from 
rat biain. Prolonged exposure of PC12 cells to adenosine agonists 
significantly inhibited the response of the cells to subsequent stimulation 
with an A;;a-selective adenosine agonist (CGS21680) . No significant 
change in the number of binding sites and affinity for CGS21680 was 
observed it: desensitized cells, nor did we find any significant change in 
the transcript level of A2a-R in cells pretreated with adenosine 
agonists. ilowever, the basal adenylyl cyclase activity and the cyclase 
activities stimulated by adenosine agonists, by GTP gamma S, and by 
forskcim -.'ere reduced in desensitized cells. Prolonged exposure of PC12 
cells zo ' :ibutyryl-cAMP did not significantly change either the basal or 
the adenosine agonist-evoked adenylyl cyclase activity. Therefore, 
elevaticn .f cellular cAMP content is by itself not sufficient to produce 
the chser-ed reductions of adenylyl cyclase activity with A2a 
desensit izavi Dn. Inhibition of adenylyl cyclase activity in desensitized 
r-ells .:cc-L-:--d after short-term (30 mm) incubation with CGS21680 and could 
t e l:lc^ ^ec ;y the adenosine antagonist 8-cyclopentyl- 1 , 3-diprop 
ylxant:.ine. 3s alpha protein levels did not significantly change after a 
30-min exp sure to CGS21680. In contrast, long-term exposure (12-20 hr) of 
PC12 cells to adenosine agonists resulted in a slight further 
reduction ■ f adenylyl cyclase activity and a consistent decline in the Gs 
alpha p'r-jtem level. In addition, long-term incubation with adenosine 
agonists cr with f or skolin-enhanced phosphodiesterase ( PDE ) activity m the 
cytosolic and membrane fractions by 57 +/- 9o and 53 +/- 18^., respectively. 



Hydrolvsis of cAMP was^^gni f icantly faster in agonist-c^ensitized cells 
than :n ccntrol cell^^PDE might therefore play ar^B^portant role m 
desens: tiza^ mn of the^^2a response m PC12 cells .^^olymerase chain 
reactK n-ba.^ ed analysis of the mRNA for A2a-R and A2b-R indicated 
that loth Aja-R and A2b-R were present in PC12 cells; the A2b 
respond: e v/as also diminished in A2a-desensi tized cells. Our data suggest 
that mhih-ition of adenylyl cyclase after short-term agonist treatment, 
down-regulotion of Gs alpha protein level after long-term agonist 
treatment, and activation of PDE after long-term agonist treatment account 
for de:rensir.ization of the A2a-mediated response m PC12 cells. 
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Substituting a methyl group for the ribose moiety of N6-substituted 
adenosines that are selective agonists at the adenosine Al receptor 
creates antagonists that are Al-select ive . Inasmuch as 

2-phen'.'let:i' 'Myadenosme is a selective agonist for the adenosine A2 
recept":r, L - phenylethoxy- 9-methyl-adenine (PEMA) was synthesized and tested 
as a pjteMUdl adenosine A2 receptor antagonist. In guinea pig 
hearts, pr.IIA antagonized with the same potency (pKB approximately 6.1) the 
Al-mediateci negative dromotropic and inotropic actions and the A2-mediated 
coronary '/asoactivi ty of the nonselective adenosine receptor agonist 
S'-N-ethyl-^.-irboxamidoadenosine (NECA) . PEMA at concentrations up to 30 
microM did ::ot antagonize the NECA-induced relaxations in guinea pig aortic 
rings. concentrations exceeding 10 microM, PEMA caused 

xanthi::e--i]..^.eusitive relaxations of both the aorta and the coronary 
vessel... P:.-.-.rmacological resultant analysis revealed A2 receptor antagonism 
by Pt:i4A in the guinea pig aorta (pKB = 5.2). The nonselective 
adenosine receptor antagonist 8 -p-sulfophenyl- theophylline 
antago:iize.i NECA responses in all four assays with equal potency (pKB 
approx ..mat' : . 7 5.7). Thus, PEMA does not discriminate between A2 receptors 
m th'^ C' ronary vessels and Al receptors in the atria of the guinea pig, 
but It IS .^i-fold more potent at antagonizing the A2 receptor in coronaries 
than rhe receptors in the aorta. The data suggest that the A2 receptors 
in the -or. .nary vasculature may be of the A2a subtype, whereas those in the 
aorta nay h^-, of the A2b subtype. 
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The huira:\ A3 adenos^K receptor was cloned from a s^Ratal cDNA 
iih.rarv -.s^ng a probe derived from the homologous rat sequence. The cDNA 
encodes a protein of 318 amino acids and exhibits 121 and 85'.^ overall 
identity with the rat and sheep A3 adenosine receptor sequences, 
respect ivel-;. Specific and saturable binding of the adenosine 
rerceptc.r ^-.gonist N6- {4-amino-3- [1251] lodobenzyl ) adenosine [125I]ABA 
wa-. m.: --..3 jr-d on the human A3 receptor stably expressed m Chinese hamster 
o^^-ry ..ei:. with a Kd = i 0 nM . The potency order for adenosine 

eptL. r .-.g'^nists was N-ethylcarboxamidoadenosine (NECA) > or = 
(P ) -M6- phen-;l-2-propyladenosine [(R)-PIA] > N6-cyclopentyladenosine (CPA) > 
(S) -Nb-phe]\yl-2-propyladenosine [(S)-PIA]. The human receptor was blocked 
by xanthine^ antagonists, most potently by 3- ( 3-iodo-4-aminobenzyl ) - 8- ( 4-oxy 
acetate;phe::yi-l-propylxanthine (I-ABOPX) with a potency order of I-ABOPX :^ 
1, 3-di].:iropy: -S- {4-acrylate) phenylxanthme > or = xanthine amino congener > > 
1 , 3-dii:'r'jp'yl -y-cyclopentylxanthme . Adenosine , NECA, (R) - and 
(S)-PIA, anr- CPA inhibited f orskolin-stimulated cAMP accumulation by 30-40. 
in stablv transfected cells; I-ABA is a partial agonist. When measured m 
the preseiM-e of antagonists, the dose-response curves of NECA-induced 
inhibit 1 Dr. of f orskolin-stimulated cAMP accumulation were right- shi f ted . 
Antagonist potencies determined by Schild analyses correlated well 
with t:i:':-:e 'established by competition for radioligand binding. The A3 
adenosine lereptor transcript is widespread and, m contrast to the 
Al, Al.:i, And A2b transcripts, the most abundant expression is found 
m the lung and liver. The tissue distribution of A3 mRNA is more similar 
t(.' the widespread profile found in sheep than to the restricted profile 
found m the rat. This raises the possibility that numerous physiological 
effe'::t,: jt adenosine may be mediated by A3 adenosine receptors. 
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Nine '::2 -substituted adenosine analogues that are potent and 
selective f r the A2-adenosine receptor were tested for their ability 
to induce relaxations of the guinea pig aorta. Compounds tested were 
2 pheny 1 etn . xyadenosme ( PEA) , 2-phenylethoxy-5 ' -N-ethylcarboxamidoadenosin 
e (?ENK: :A'i . 2 - cyclohexylethoxyadenosine (CEA), 2- f luorophenylethoxyadenosin 
e (FPi:.A) . . -niethoxyphenylethoxyadenosine (MPEA) , 2-naphthylethoxyadenosine 
::JEA;i , _ -r :;-.nvlaminoadenosine (CV-1808) , 2 -phenylethylaminoadenosine (PEAA) 
and 2-':--iri: 'I'Myethylphenethylamino-S ' -N-ethylcarboxamidoadenosine (CGS2168 0 ) . 
The resp:n:^es to these agents were compared to those of three standard 
adenosine receptor agonists, 5 ' -N-ethylcarboxamidoadenosine (NECA) , 
N6-cyclohe:-:yladenosine (CHA) and R-N6-phenylisopropyladenosine (R-PIA) . The 
C2-eth jMyadenosme analogues were 30- to 140-fold less potent than NECA and 
the C^ -ammo-substituted analogues were 250 to 1000-fold less potent than 
NECA at i:-.ducing relaxations of the guinea pig aorta. All of the analogues 
were als: less potent than the Al-selective agonist R-PIA. However, only 
responses to NECA were competitively antagonized by the non-selective 
adenosine receptor antagonist 8 -phenyl theophylline {8-PT), pKB 
= 6.8:. 0.05. The results suggest that the C2-substituted analogues 

produce relaxations of the guinea pig aorta through a combination of 
artion;L ^t A2-adenosine receptors and at xanthine resistant sites. 
The lack f potency of these analogues at activating the xanthine sensitive 



A2-recep t'jrs in the g^^ea pig aorta suggests that these adenosine 
receptcr.:- may be of th^^^b- subtype . 



2/3,AB/9. (Item 91 from file: 155) 

DIALOG (P ) F^ile 1 5 5 : MEDLINE ( R ) 



07807492 ?2392387 PMID: 1325798 

Mole':'ul..;r cloning and expression of an adenosine A2b receptor 
from h...rr.a:\ iiram. 

Pier^rr :-:D; Furlong TJ; Selbie LA; Shine J 

Garvar. Institute of Medical Research, St. Vincent's Hospital, Sydney, 
N . S . W . , Aus^ ralia . 

Biochemical and biophysical research communications (UNITED STATES) Aug 
31 1992, 1::7 (1} p86-93, ISSN 0006-291X Journal Code: 9Y8 

Lang .ag'-s : ENGLISH 

Dc'cuin-ir: : e : Journal Article 

Recora lyji^e: Completed 

A novel receptor cDNA was isolated from a human hippocampal cDNA library. 
The enco--iec; polypeptide contains structural features consistent with its 
classification as a G protein-coupled receptor and shares 45^ homology with 
the humai: Al and A2a adenosine receptors. Chinese hamster ovary Ki 
cells ex^rressing this receptor showed marked stimulation of adenylate 
cyclase v;hen treated with ImM adenosine. There was no response to 
ligands ..elective for Al and A2a receptors but the general adenosine 
agonist :-y-ethylcarboxyamidoadenosine (NECA) caused a 10 fold increase in 
cyclic A^-IP accumulation with an EC50 of approximately 0.9 microM. This 
effect W--.3 inhibited by the adenosine receptor antagonist 
theophylline. Specific binding of Al and A2a selective agonists and NECA 
was nv>: iir:tected. It is proposed that the novel receptor is a human brain 
adenosine A2b receptor subtype. 
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We have examined the actions of a novel xanthine derivative, 
propentof yll me (HWA 285), that has been shown to protect against ischemic 
brain damage m rats and gerbils, on adenosine receptors (Al and A2 ) , 
and on adenosine transporters using several techniques, cells and 
tissues. Propentof yllme and its hydroxylated metabolite A 72 0287 were 
about 3 times less potent than theophylline m displacing Al-agonist 
bindin:j tD membranes from rat cortex, and Al-antagonist binding to 
wliole jDT, MF-2 smooth muscle cells. Al-agonist binding to adenosine 
Al -recet: t j r r in several brain structures was inhibited in a 
concen". L atL :>n-dependent manner by A 72 0287 and propento f yllme as judged 
by qu..:'.t_t . tive autoradiography (IC50-values 300-600 microM m eg striatum 
and i;. rortex layer IV) , In two functional assays, Al-receptor mediated 
effects wer-^j blocked by propentof yllme . Al-receptor-mediated inhibition of 
cyclic AI^P accumulation was virtually abolished by 100 microM 
propentof yllme . The Al-receptor-mediated inhibition of evoked 
acetylcho liiLe release was also reduced by propentof ylline , but in this case 
the effe-.t is not due exclusively to adenosine receptor antagonism 
but alio to another action since the presynaptic inhibitory effect of 
carbachol v/as also inhibited. Adenosine A2-receptors were also 
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cells (C'OB.^^ssing putafTve A2b -receptors; pA2- value ^8 0 microM 
compar.^d J. 26 microM for 8-cpt), and in PC-12 cells (possessing putative 
A2a- receptors, Ki-value 365 microM) . Finally, adenosine transporters 
were affected by propentof yllme and A 72 0287. Thus, 
[ 3H] -nitrobenzylthioinosine-binding to guinea-pig cardiac membranes was 
blocked by propentof yllme or A 72 0287 {Ki 270 microM) . The present 
results sh:w that propentof yllme and its hydroxylated metabolite can 
mfluen-e adenosine mechanisms m a multitude of ways. How these 
different. oCtions may contribute to the ability of propento f ylline to 
reduce the magnitude of ischemic damage is discussed. 
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The me::::anism of the therapeutic and prophylactic effects of 
carbamazepir.e (CBZ) in affective psychoses is unknown but may in part be 
related t:o the potent competitive interaction of CBZ with adenosine 
-bindin'if sites in the brain. The anticonvulsant and sedative properties of 
i::BZ are r-rminiscent of the effects evoked by adenosine-agonists and 
contrast s^iarply with the opposite actions of adenosine-antagonists 
like caffeine. However, indirect evidence suggests an antagonist- 
rather t/ia:. an agonist-like activity of CBZ at adenosine- receptors . 
We have i.iei various model systems, in which adenosine receptor 
subtype:- mediate different second messenger- responses , to investigate 
this-api:.are:;t paradox. CBZ was found to antagonize the Al-receptor-mediated 
inhibition of cyclic AMP accumulation in cultured astroblasts and m 
GH3~cells. Furthermore, CBZ also inhibits the adenosine-induced 
increase 1:. the level of cyclic AMP in cultured astroblasts, which is 
mediat-d by low-affinity A2b -receptors. In contrast, CBZ does not 
;jh:'Ck t/ie inhibition elicited by adenosine -agonists of the 
■ri icni.:-. ::ed increased formation of mosi tolphosphates in human 

neutri) !.l1s, which is mediated by high-affmity A2a-receptors . The specific 
antagonism \.-y CBZ of Al- but not of high-affinity A2a-receptors was further 
supported '.y binding experiments using rat brain membranes. These results 
suggest cn.it the paradox of CBZ ' s antagonistic effects at adenosine 
-recept.jrs might be at least partially reconciled by a selective 
antagonist!':- action of CBZ at Al receptors but not at high-affinity 
A2a-recep~ d : s . 
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Enl'.igen ::us adenosine regulates the apparent efficacy of 
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In rat cerebral cortical slices, the l-ammocyclopentyl-lS , 3R-dicarboxyla 
te ( IS, :??-ACE'D) isomer of the selective metabotropic excitatory amino acid 
agonist ACPD inhibited fors kolin- stimulated cyclic AMP (cAMP) accumulation 
m a concentration-dependent manner with a maximal inhibition of 51 +/- 3^^. 

linlt-maximally effective concentration of 8.8 +/- 3.4 microM. 

1R,3S-ACPD inhibited the forskolm response m a 
icn-dependent manner, but with an inhibition of 80 +/- b% at 3 
xiUlL-ion to inhibiting f orskolin-stiraulated cAMP levels, 1S,3R-ACPD, 
i?,3S-ACPD, enhanced the cAMP response to A2b adenosine 

activation. In the presence of 1.2 U/ml of adenosine 

(included to reduce the contribution of endogenous 
the efficacy of 1S,3R-ACPD was increased (88 +/- 3% 
but the potency was unchanged. The adenosine receptor 
8-cyclopentyl-l, 3-dipropylxanthine also increased the 
effect of 100 microM 1S,3R-ACPD, from 57 +/- 1 to 78 +/- b% . 
These r^.:^ults indicate that endogenous adenosine plays an important 
role m regulating the apparent efficacy of 1S,3R-ACPD inhibition of 
f orskolm-stimulated cAMP accumulation in rat cerebral cortical slices and 
that pr-i'Vious studies in rat hippocampus and hypothalamus m the absence of 
added adenosine deaminase may have underestimated the efficacy of 
this c<:)m}-':; .i:"id . 
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The t riazoloqumazoline CGS 15943 is the first reported nonxanthme 
adenosine antagonist that has high affinity for brain 
adenosine receptors. In the present study, the binding of [3H] CGS 
15943 K ■? recognition sites m rat cortical membranes was characterized, 
Saturari:.:. experiments revealed that [3H]CGS 15943 labeled a single class 
of re:::. 7:.ition sites with high affinity (Kd = 4 nM} and limited capacity 
(Bmax = 1,5 pmol/mg of protein}. Competition studies revealed that the 
bindin:j of [3H]CGS 15943 was consistent with the labeling of brain 
adenosine Al receptors. Adenosine agonists inhibited 1 nM 
[^H]CG.-^: L5943 binding with the following order of activity 

M6-cyr: /: -n-yladenosme (IC50 = 15 nM} greater than 2-chloroadenosine 
greater than ( R } -N6-phenylisopropyladenosine greater than 

5 ' -N6-et:v/icarboxamidoadenosine greater than (S} N6-phenylisopropyladenosine 
greater tnan CGS 21680 greater than CV 1808 (IC50 greater than 10,000 nM} . 
The potency order for adenosine antagonists was CGS 15943 (IC50 = 5 
nM} greater than 8-phenyltheophylline greater than 1, 3-dipropyl-8- ( 4-amino- 
2-chloro) phenylxanthine greater than 1 , 3-diethyl-8-phenylxanthine greater 
than t:-i'--;ophylline = caffeine {IC50 greater than 10,000 nM} . 
Antagonist inhibition curves were steep and best described by a 
one-site niiiding model. In contrast, adenosine Al agonist competition 
curves were shallow, as indicated by Hill coefficients less than unity. 
Computer analysis revealed that these inhibition curves were best described 
by a two-site binding model. Agonist competition curves generated m the 
presence Df 1 mM GTP resulted m a rightward shift and steepening of the 
inhibiti'jn-concentration curves, whereas antagonist binding was not 



altered m the presence ^^GTP. The complex binding inte^^ions found with 
adenosine agonists mc^Pte that [3H]CGS 15943 labels high and 

low affinity component^^of the adenosine Al receptc^^n the rat 

cortex. Additionally, the present data also provide some evidence that 
[3HJCGS 15^943 may also recognize an additional low affinity binding 
component, which may represent a putative low affinity A2b receptor 
m this tissue. 
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ABSTFIACT: I Coronary responses to adenosine agonists were assessed in 
perfused :uouse and rat hearts. The roles of nitric oxide (NO) and 
ATP- iepeadent K+ channels (hCATP) were studied in the mouse. 2 Resting 
core). airy resistance was lower m mouse vs rat, as was minimal resistance 
(2,2—0.: vs 3.8+-0.2 mmHg ml-1 min-1 g-1). Peak hyperaemic flow after 
20-t'-.' s or::lusion was greater m mouse. 3 Adenosine agonists 
mdu 'ed -rr^nary dilation m mouse, with pEC50s of 9.4-I--0.1 for 
2 . (p- , z.h rboxyethyl ) phenethylamino ) -5 ' -N-ethyl carboxamidoadenosme 
( CG.-. 1 'S : D , A2A-selective agonist), 9.3 + -0.1 for 

^-^ivlc iL-boxamidoadenosme {NECA, A1/A2 agonist), 8.4+-0.1 for 
2-ch_ orca;^eiLOSine (A1/A2 agonist), 7.7+-0.1 f or N6- (R ) - (phenylisopropyl) 
adenosine (R-PIA, A1/A2B selective), and 6.8+-0.2 for 
adenosine. The potency order (CGS21680 = NECA > 2-chloroadenosine > 
R-PIA ' adenosine) supports A2A adenosine receptor-mediated 
dilatior. m mouse coronary vessels. 0.2-2 muM of the A2B- select ive 
antagonist alloxazme failed to alter CGS21680 or 2-chloroadenosine 
responses. 4 pECSOs in rat were 6.7+-0.2 for CGS21680, 7.3+-0.1 for NECA, 
7.6+-0.1 for 2-chloroadenosine, 7.2+-0.1 for R-PIA, and 6.2+-0.1 for 
adenosine ( 2 -chloroadenosme > NECA = R-PIA > CGS21680 > 
adenosine; , supporting an A2B adenosine receptor 

resp'-nse. S NO-synthase antagonism with 50 muM NG-nitro L-arginine 
( L-II':'AR:4) increased resistance by apprx25o, and inhibited responses to 
CGS2 . 6:^ J pEC5 0 = 9 . 0+-0 . 1 ) , 2 -chloroadenosme {pEC5 0=7 . 3 + -0 . 2 ) and 
endorhelial-dependent ADP, but not sodium ni troprusside (SNP) . KATP 
chantiel blockade with 5 muM glibenclamide increased resistance by 
appr::80 := and inhibited responses to CGS21680 in control (pEC50 = 8 . 3 + - 0 . 1 ) 
and h-NOAKG-treated hearts (pEC50-7 . 3+-0 . 1 ) , and to 2-chloroadenosine in 
contio: (r.E':50 = 6. 7+-0. 1) and L-NOARG-t reated hearts (pEC50 = 5 . 9+-0 . 2 ) . 6 
In ^. .iTunarv/, mouse coronary vessels are more sensitive to adenosine 
tna:. r. iz ^'e^sels. A2A adenosine receptors mediate dilation m mouse 
cor-.»;.dLy vessels vs A2B receptors in rat. Responses in the mouse 
mvoive a sensitive NO-dependent response and KATP-dependent dilation. 
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AB3TPAl'.:T: ?\'RE'0SE: The nucleoside adenosine has been implicated m 
angi'/^gene-r is . A previous study demonstrated that activation of the 
A2B adenosine receptor (AdoR) increases cAMP accumulation, 
cell p.rc 1 1 teration, and VEGF expression in human retinal endothelial 
cell ^HR^;Cs) . In the present study, the role of this receptor was 
fur-t.er r,: .a t a c t e ri zed by examination of the effects of the selective 
A2B y.ao" Mi^agonists 3-N-propylxanthine ( enprof yllme ) and 

i: uT.yl -:5-pyrrolidinoxanthine (IPDX) on AdoR-mediated HREC 
proliferation, capillary tube formation, and signal- transduction 
pathway.?. METHODS: HRECs were exposed to the adenosine analogue 

' "N- ethyl carboxamido-adenosine (NECA) in the absence or presence 
ot A.M? .Hr.ragonists , Migration was measured using Boyden chambers. 
Prol i f era: I'jn was assessed by counting cells. Western analysis was used 
to a. se:rs extracellular signal-related kinase (ERK) and cAMP response 
elem-nt -binding protein (CREB) m cell lysates. The effect of AdoR 
acti\'ati --^i: on tube formation was studied using cells grown on a synthetic 
basement membrane matrix. RESULTS: NECA induced proliferation m a 
concentration-dependent manner that was inhibited by enprof ylline and 
IPDX. ME OA stimulated chemotaxis in a concentration-dependent manner that 
was -.Isc -locked by both A2B AdoR antagonists. NECA activated ERK 
and ■:r'.Ez. m HRECs. Both A2B AdoR antagonists diminished activation 
of E?,P: hy NECA exposure. ERK activation was also blocked by the 
ERK-mj tc.:fen-activated protein kinase (MAPK) inhibitor PD98059, but not by 
the protein kinase A (PKA) inhibitor H-89. CREB activation was blocked by 
H-H'-, b;.t n^t by PD98059, suggesting that ERK activation is independent 
jf p:-A. M;:-:a enhanced tube formation on the matrix, whereas both 
A2B ;.a::." Mitagonists attenuated this effect. CONCLUSIONS: The 
sele tive A2B AdoR antagonists, enprof ylline and IPDX, inhibited 
NECA- stimulated proliferation, ERK activation, cell migration, and 
-apiUary tube formation. A2B AdoR inhibition may offer a way to 
inhiiiat retinal angiogenesis and provide a novel therapeutic approach to 
treatment of diseases associated with aberrant neovascularization, such 
as diabetic retinopathy and retinopathy of prematurity. 
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Reversal ot the antiinflammatory effects of methotrexate by the 
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caff-me: Evidence that the antiinflammatory effects of methotrexate are 
medidte'l via multiple adenosine receptors in rat adjuvant 
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ABSTRACT: 'T'l: ] ec tive . Weekly low-dose methotrexate (MTX) remains the 

mainstay :f second-line therapy for rheumatoid arthritis (RA) . We have 
previously reported that adenosine, acting at specific receptors on 
inf lamina:: : ry cells, mediates the antiinflammatory effects of MTX in both 
in vitr.^ and in vivo models of acute inflammation, but the mechanism by 
which MTM suppresses the chronic inflammation of arthritis remains 
cont rc v-^r-s ial . The present study was undertaken to further investigate 
the mea;-!.-: by which adenosine mediates the antiinflammatory effects 
of MTX. Methods. The effects of 2 nonselective adenosine receptor 
anta jcni;: t.s, theophylline and caffeine, were examined, using the rat 
adjuvjnl .arthritis model of RA. These agents were given alone and in 
connL.:.r::i :n with MTX, and arthritis severity was assessed clinically, 
radi'jl ::ally, and histologically. Since rodent adenosine A3 
receptC'L-s are not blocked by theophylline, selective Al, A2A, and 
A2B re::'rV':or antagonists were tested as well. Results. Control 
animal? developed severe arthritis, which was markedly attenuated by 
weekly :.i--atment with MTX (0.75 mg/kg/week). Neither theophylline alone 
ri'i r <^f:;- :ne alone (each at 10 mg/kg/day) significantly affected the 
sever. icy :: f the arthritis, but both agents markedly reversed the effect 
of MM'X measured by a severity index, hindpaw swelling, and hmdpaw 
ankylosis. Radiographic and histologic analyses confirmed these 
observa^. 1 :ns . Neither Al, A2A, nor A2B receptor antagonists 
affected the capacity of MTX to ameliorate inflammation in adjuvant 
arthritic. Conclusion. These results provide strong evidence that 
adenosine mediates the antiinflammatory effects of MTX in this 
model ?A. Moreover, the findings suggest that abstinence from 

caffeine, a ubiquitous food additive and medication, may enhance the 
therape.itic effects of MTX in RA. 
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ABSTRACT: 3D structural ^|gluation of the adenosine 2B (i^^ 

antagonist binding sit^Bs the major aim for developin^Beci f ic 

selective antagoni st s an attempt to deduce structu^^properties of 

the antagonist site, a pharmacophore model was developed using 85 
known A2B antagonists. The molecular mechanics optimization methods 
were us^id to deduce the likely binding conformations of the antagonists 
at the binding site. Super-imposition of the antagonists was carried out 
using fir-atoms. This alignment was used to develop CoMFA models of the 
A2B antagonist binding site. The models possessed promising 
predictive ability as indicated by the high cross-validated correlation 
(ql'^^0.7:2, r2 = 0.982) and the prediction on the external test set. The 
analvse.- showed that steric and electrostatic interactions contributed to 
A2B antagonist biological activity equally. The hydrogen-bond 
donor nature of the 7-position of xanthine {lapprx68) and 3-position of 
alloxazme (83) was essential for the biological activity. In addition, 
the i.re.= ence of more negative charges on the 1-N position of xanthine and 
iO-i: pc^r^zi:-n of alloxazme increases biological activity. The bulky 
ar..rL.t.: .:u;:.sti tutions on the 8-position of xanthine compounds improve 
act:viv;, wnile an alkyl substitution on the 1-position of alloxazine 
migh*: er.aanre activity. The model generated from this investigation 
prod...ce^"; important structural requirements, which will be used to 
optimi::e the structural complementarity of the antagonists at the 
A2B l^'in^ling site. 
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ABSTRACT: The purinergic regulation of ciliary activity was studied using 
small, -onr muously superfused explants of human nasal epithelium. The 
P2V2 puri:"joceptor (P2Y2-R) was identified as the major purinoceptor 
regular ing miliary beat frequency (CBF); UTP (EC50=4.7 muM) , ATP, and 
adenosine- 5 ' -O- (3-thiotriphosphate} elicited similar maximal 
respono-s, approximately twofold over baseline. ATP, however, elicited a 
post-pe ^iK sustained plateau in CBF ( 1 . 83+-0 . 1- f old) , whereas the 
post -perl}: CBF response to UTP declined over 15 min to a low-level plateau 

32 + - :). 1 6-fold) . UDP also stimulated ciliary beating, probably via 
P2V6-R, v.Mth a maximal effect approximately one-half that elicited by 
P2i2-R otimulation. Not indicated were P2Y1-R-, P2Y4-R-, or 
P2Y. ] -2. -ri-iiiated effects. A2B-receptor agonists elicited sustained 
r^^s|. ;;no-2. i ;i CBF approximately equal to those from UTP/ATP 
( ^. ' - ;.N-et.,:;ylcarboxamido) adenosine, EC50 = 0.09 muM; adenosine, 
£(-50 = 0.7 n;uM) . Surprisingly, ADP elicited a sustained stimulation in CBF. 
The ADP effect and the post-peak sustained portion of the ATP response in 
CBF were inhibited by the A2-R antagonist 

8- {p-sulfopihenyl ) theophylline . Hence, ATP affects ciliary activity 
through P2Y2-R and, after an apparent ectohydrol ysi s to adenosine. 



through A2BAR. 
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ABSTPA ':: Adenosine released by hypoxic tissues may contribute to 
angi ;H:re:'.'"-:ri3 . It has been previously shown that A2B adenosine 
recepr. jr:~ , coupled to both Gs and Gq, stimulated production of vascular 
endcrhelial growth factor (VEGF) m human retinal endothelial cells 
(Grant al . , Circ Res. 1999;85:699-706). In this study we examined 

regu 1 a^i jr: of VEGF gene expression by adenosine in human 

microvascular endothelial cells (HMEC-1) . The non- selective agonist NECA 
stimula:-e:i cAMP accumulation with an EC50 of 2 muM increasing its 
mtracei .1. ..lar levels 11.2 +- 0.5 fold. The selective A2A agonist CGS 
21680, iO muM, increased cAMP only 2.6 +- 0.7 fold. Furthermore, the 
select L-/e A2B antagonist IPDX, 10 muM, attenuated the 

NECA-mau.-.ed cAMP generation to 3,7 +- 0.5 fold. Thus, HMEC-1 cells 
express b^r-th A2A and A2B receptors. HMEC-1 cells were cot rans f ected 
with mutanonally activated alpha subunits of Gq or Gs proteins, or with 
an e:np:,y --xpression vector (mock t rans f ection ) together with a luciferase 
reporter ■inder control of the human VEGF promoter. Stimulation of HMEC-1 
with IOj nuM NECA for six hours increased reporter activity by 41 +- 61 
■rDmpared v;ith nons timulated cells. Luciferase activity in cells 
cotr =in.s f e ?,ted with active alphaq was increased 14.2 +- 0.5 fold compared 
with m:)-k-transf ected cells. In contrast, cons ti tutively active alphas 



decreased, if any, the^^sal VEGF reporter activity by^^+- 17V,. 
Cotrans faction of HMEC^H^with const! tut ively active Ra^^sulted in 22.8 

+ - 1.3 Lold increase i^^uciferase activity compared wi^^ 

mock-tra:iof acted cells. Our data indicate that stimulation of Gq and Ras 
(both th..\ght to be linked to A2B) , but not Gs {coupled to both A2A 
and A2B i-eceptors) increase VEGF gene expression. 
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ABSTRA:'T: Tnis overview will focus on recent data from our laboratory. The 
four ::L:n-d human adenosine receptors stably transfected into 
:nin-.se n imster ovary cells were studied with respect to signaling via 
cycli:: PJ4r and mi togen-activated protein (MAP) kinases. Adenosine 
acted as a full agonist at all the adenosine receptors when 
incrr/ases (A2A or A2B receptors) or decreases (Al and A3 receptors) 
in cyclic AMP accumulation were studied. Adenosine was 

appr.i:-iLma-ely equipotent at Al , A2A, and A3 receptors, but approximately 
50 times nigher concentrations were needed at A2B receptors. The 
potericy of adenosine was such that levels encountered under basal 
physiol:' -lineal conditions (30-300 nM) were sufficient to activate all but 
the A2B r-iceptors. Inosine was a low-efficacy agonist at Al and A3 
receptors but was inactive at A2A and A2B receptors. Thus, 
adenosine is the most important agonist and the only one at A2A and 
A2B re::ep*:ors. When MAP kinase signaling was examined. 



adenosine was equipotei^at all the four receptors, and^igni f leant 

activaticn was noted ^^^00 nM adenosine. The potency 

adenosine is dependen^^t only on the type of recepto:^Kit also on 

receptor number. Thus, high potency of adenosine is seen only where 

the recef'tor is expressed abundantly. These and other results are 

reviewed and discussed m relation to agonist and antagonist 

effec-ts in vivo. In particular, we summarize recent data that show that 

adenosine tonically activates A2A receptors in the basal ganglia. 

Some aspects of the use of adenosine A2A receptor antagonists in 

the treatment of Parkinson disease also are highlighted. 
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ABSTPAlT: Adenosine regulates many physiological functions by 

inteta :n with four different G-protein-coupled receptors classified as 

Ai, A2B, and A3. While adenosine Al and A2A receptor 

suh't /p'e. /.ave been p.harmacologically characterized through the use of 

sele:ti-'-t ligands, the A2B and A3 adenosine receptor subtypes 

are pre.■^erltly under study in order to better understand their 

phys 1 c -pat hological functions. In particular, activation of 

adenosine A3 receptors has been shown to stimulate phospholipase C 

and E' ar.d to inhibit adenylate cyclase. Activation of A3 adenosine 

recej^'tDio also causes the release of inflammatory mediators such as 

hist.3mi:.e from mast cells, which are responsible for processes such as 

inflammj;rion and hypotension. For these reasons, it has been suggested 

that A3 adenosine receptor antagonists can be considered potential 

drugs f c r the treatment of asthma and inflammation. In the last few years 

different classes of heterocyclic compounds have been identified as A3 

adenosine antagonists, but none of the tested compounds showed 

signi f L.-a:;t selectivity for A3 adenosine receptor subtype. Herein, 

we r-p3: -: our recent results on a class of 

pyrarcl { ; , 3-e ) 1 , 2 , 4- t riazolo ( 1 , 5-c ) pyrimidine derivatives as a new class 
of p::te::^i and selective human A3 adenosine receptor antagonists. 
The full iharacterization of the first high-affinity radioligand 
antagonist for this receptor subtype, designated (3H) MRE3008F20, 

is b:ie""Ly summarized. 
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ABSTPJ^i:T: ij.^r evolving understanding of the mechanisms involved in the 
acti'jns C'f adenosine on central neurons during the course of the 
past thr-e decades has largely been a consequence of certain specific 
adva:.ce.: , Early recognition that adenosine could either inhibit or 
stimv.la:^- cyclic AMP formation led to the concept of Al (inhibitory) or 
A2 ( tini:. Latory) receptors coupled via G proteins to adenylate cyclase. 
The early development of selective agonists and antagonists for the Al 
binding .vite then stimulated a considerable volume of pharmacological 
rese-. r rh m the actions of this receptor. Evidence for the existence of 
more tn.v. one type of A2 receptor also accumulated, culminating in the 
clon^nq t two receptors, the high-affinity A2A and lower-affinity 
A2B :ece};:ors. The synthesis and availability of CGS 21680, a 
sele'tLV- agonist for the A2A receptor, made possible studies on the 
pharmacol'i-gical effects of its activation and the subsequent development 
of a series of A2A receptor antagonists has further clarified the roles 
that :.hi.-r receptor plays in the central nervous system. Whereas Al 
recertJL- activation inhibits synaptic transmission, primarily by 
decr-a:s;i:::r excitatory neurotransmitter release from presynaptic nerve 
term:nai-r, A2A receptor stimulation appears to enhance neurotransmitter 
j^elea:-:e -r.s a result of increased Ca2+ uptake. In brain slices, CGS 21680 
facilit.:.:-i-s excitatory transmission by increasing glutamate and 
acetyl -r^'- i me release. However, when tested in vivo on central neurons by 
ionto}:>h:..i'-tic application, CGS 21680 has had a powerful depressant effect 
on n--urjn^.i activity which was blocked by coapplication of an A2A 
recettjr antagonist but not by a selective Al receptor 
antagonist. Further studies with the GABAA antagonists bicuculline 
and };i-r. toxin, which also block the inhibitory actions of CGS 21680, 
revealed that in this instance A2A receptor activation facilitates GABA 
release, .-ausing inhibition of neuronal firing. Whether the GABA release 
IS a :■ jr.: --quence of enhanced excitatory drive to GABAergic neurons or is 
a di:.-r:- -ffect of an action at A2A receptors on GABAergic nerve 
term:r::ii-- remains uncertain. 
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ABSTPA::-T: B.^ckground/Aim: Adenosine is a potent vasodilator in most 

vasculhL^ ;:eds of mammals and an important modulator of cardiac function. 
It has j:-r-rn postulated that the endothelium may have a role in vascular 
act 1 ins ' i adenosine. However, the role of endothelial cells in the 
adenosxne (presumably A2A and A2B receptors) mediated 

incr^rds-i- m resting membrane potential (RMP) still remains unclear. We 
invest laated the effects of adenosine agonists (NECA, CGS-21680, 
CAT') and its antagonist, ZM-241385, a selective A2A adenosine 
receptor antagonist on the RMP of confluent monolayers of cultured 
porcine c-ronary artery endothelial cells (PCAEC) . Methods: Conventional 
micr^: ele'.:: rode methods were used to measure PCAEC membrane potentials. 
Results: The average amplitude histogram of the resting membrane 
potential (RMP) was -32 +- 1.2 mV. Adenosine agonists at 10-5 M 
elicited significant increase in RMP. NECA (10-5M) caused a significant 
increase m RMP compared to CGS 21680 and CAD at similar concentration. 
Furthermore, ZM-241385 at 10-5M significantly inhibited the 
hyperp'Olarizing effect of CGS-21680 and CAD but only partly the effect of 
NECA, iv 1':; irestmg the presence of both A2A and A2B receptors. Also, 
NECA s 1 :r:.i f icantly ( P< 0.05) increased RMP compared to CGS 21680 at 
similar concentration, again supporting a role for A2A and A2B 
adenosine receptors in adenosine-mediated hyperpolari zation 
in PCAEC. Conclusion: These results provide additional evidence for the 
pres-n::- :f A2A and A2B adenosine receptors in PCAEC, which 
may nlnv =.n important role in the regulation of vascular tone. 



OrLando, Florida, 
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ABSTRACT: Adenosine inhibits growth of cardiac fibroblasts; however, 
the adenosine receptor subtype that mediates this antimitogenic 
effect remains undefined. Therefore, the goals of this study were to 
determir.e which adenosine receptor subtype mediates the 
antirui t Dgenic effects of adenosine and to investigate the signal 
trani dU':;tion mechanisms involved. In rat left ventricular cardiac 
fibrc.blasts, PDGF-BB (25 ng/mL) stimulated DNA synthesis ( 3H-thymidine 
incoif'Oration) , cellular proliferation (cell number), collagen synthesis 
(3H-p'roline incorporation), and MAP kinase activity. The adenosine 
receptor agonists 2-chloroadenosine and 5 ' -N-methylcarboxamidoadenosine , 



but not ri';:.-cyclopenty]^|^nosine, 

4-aminobe:-i2yl-5 ' -N-me^^carboxamidoadenosme, or CGS2^«), inhibited the 
growth effects of PDG^^B, an agonist profile consistei^^ith an 
A2B receptor-mediated effect. The adenosine receptor 

antagonists KF17837 and 1 , 3-dipropyl- 8-p-sul f ophenylxanthine , but not 
8-cyL-: Lopentyl-1, 3-dipropylxanthine, blocked the growth- inhibit ory effects 
of 2-cnl' roadenosine and 5 ' -N-methylca rboxamidoadenosine , an 
antagonist profile consistent with an A2 receptor-mediated effect. 
Antisen;:---, but not sense or scrambled, oligonucleotides to the A2B 
receft'jr stimulated basal and PDGF-induced DNA synthesis, cell 
proli f er.i ■ ion, and collagen synthesis. Moreover, the growth-inhibitory 
effects f 2-chloroadenosine, 5 ' -N-methylcarboxamidoadenosme , and 

erythrc ( 2-hydroxy-3-nonyl ) adenine plus iodotubericidin (inhibitors of 

adenosine deaminase and adenosine kinase, respectively) were 

abolishes by antisense, but not scrambled or sense, oligonucleotides to 

the A2B :-ceptor. Our findings strongly support the hypothesis that 

adenosine causes inhibition of CF growth by activating A2B 

rece::z^'-- coupled to inhibition of MAP kinase activity. Thus, A2B 

lecel : m.iy play a critical role m regulating cardiac remodeling 

assoLi.i:-:; with CF proliferation. Pharmacologic or molecular biological 

acti var i'.. of A2B receptors may prevent cardiac remodeling 

assoLiar -r-i with hypertension, myocardial infarction, and myocardial 

reperfusi:n injury after ischemia. 
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ABSTFA'T- /\:tivation of adenosine Al receptors by endogenous 
adenosine plays a neuroprotective role under various 

pathjpny---^iological conditions including hypoxia. Intracellular recordings 
were nidd- m rat pyramidal cells of the somatosensory cortex. Hypoxia (5 
mm) miu :ed a membrane depolarization and a decrease of input 
resistanve. The Al receptor agonist N6-cyclopentyladenosine (CPA, 100 
muM) reversibly inhibited the hypoxic depolarization. The inhibition was 
also present after blockade of the A2A, A2B and A3 receptor 
subt'/pes ;jy selective antagonists. CPA had no effect on the hypoxic 
decr-^a.5e :f input resistance. 1, 3-Dipropyl- 8-cyclopentylxanthine (DPCPX), 
a seieoti'.-e Al receptor antagonist, which did not alter hypoxic 
depola -I z -.tion when given alone abolished the inhibitory effect of CPA. 
Neither nor DPCPX influenced membrane potential or apparent input 

resi r.;t .-i:. under normoxic conditions. The novel pyrimidoindole 
{P )_.-_.; I :[:ethylbenzyl ) - 2- ( 4 ' -pyridyl ) -9H-pyrimido (4, 5-b) indole- 4 -amine 
(APPPI, . and 10 muM) reversibly diminished hypoxic depolarization but 
had uc c.. ;:nif icant effect on input resistance. The effect of APPPI at a 
conc-nr r.i^ion of 1 muM, but not at 10 muM, was blocked by DPCPX {0.1 
muM) . ■^PA (100 muM) inhibited (3H ) -noradrenaline ((3H)-NA) release from 
rat ampal brain slices significantly only in the presence of 

rauw ir.-.e (0.1 muM) , an alpha2-adrenoceptor antagonist. APPPI (1 
ana . (■ exhibited an inhibitory effect similar to that observed with 

CPA. Tlie -ffects of both CPA and APPPI were antagonized by DPCPX (0.1 
muM) . Th- present data suggest that mainly presynaptic mechanisms prevent 
neurjn.^ from hypoxic changes by an inhibition of transmitter release. 
However, :n contrast to CPA, APPPI exhibited additional effects, which 
requir-^ tv-rther investigation, 
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TVBSTRACT: Adenosine plays a key role in the regulation of tissue 

oxygen.^ 1 1 : n, neuronal firing, and neurotransmitter release. Two basic 
types >f adenosine receptors, Al- and A2-, have opposing actions on 
many sys^-^ms. The A2 receptor type is further divided into high-a f f inity 
A2a .-ui.-i i;w-affinity A2b subtypes. The Al and A2b subtypes 
are widely distributed in brain. In contrast, A2a receptors are closely 
associ.itei with, and act as modulators of, dopaminergic D2 receptors. 
Therefore, A2a antagonists are of interest as potential antiparkinsonian 
agents v;hereas A2a agonists are of interest as possible antipsychotics. 
Research on A2a receptors has been hampered by a lack of specific 



ligarids. The present s^^y describes an autoradiographi^^rocedure which 
IS based upon 3H-ZM24]^^, a potent and selective A2a c^^gonist. 

Nonspecific binding wa^^ssessed in the presence of lOO^W 5'-N-ethyl 
carboxamide adenosine (NECA) . Specific binding was largely 
restricted to the striatum, was saturable {Binax=1086 fmol/mg}, and was 9 
fold greater than nonspecific binding at Kd=l . 5 nM. The present results 
mdicace that this procedure is suitable for the study of drug actions on 
A2a receptor kinetics. 
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ABSTRACT: An enlarged series of pyrazolotriazolopyrimidines previously 
reported, in preliminary form (Baraldi et al . J. Med. Chem. 1999, 42, 
4473-4478), as highly potent and selective human A3 adenosine 
receptor antagonists is described. The synthesized compounds showed A3 
adenosine receptor affinity in the sub-nonomolar range and high 
levels -'f selectivity evaluated in radioligand binding assays at human 
Al, A2A, A2B, and A3 adenosine recefitors. In particular, the 
effe::t --f the chain at the N8 pyrazole nitrogen was analyzed. This study 
allowed us to identify the derivative with the methyl group at the N8 
pyrazole combined with the 4-methoxyphenylcarbamoyl moiety at the N5 
position as the compound with the best binding profile in terms of both 
affinity and selectivity {hA3 = 0.2 nM, hAl/hA3 = 5485, hA2A/hA3 = 6950, 
hA2B/hAr - 1305). All the compounds proved to be full antagonists m a 
specifi: functional model where the inhibition of cAMP generation by 
IB-ME':'A v/as measured m membranes of CHO cells stably transfected with 
the numi^.r. A3 receptor. The new compounds are among the most potent and 
sele^'ti-ze A3 antagonists so far described. The derivatives with higher 
affi;:Lty ^\t human A3 adenosine recefitors proved to be antagonists, 
m t:.^ assay, capable of inhibiting the effect of IB-MECA with IC50 

valu^:r. in the nanomolar range, with a trend strictly similar to that 
observ-ea in the binding assay. Also a molecular modeling study was 
carried -jut , with the aim to identify possible pharmacophore maps. In 
fact, a sterically controlled structure-activity relationship was found 
for the NS pyrazole substituted derivatives, showing a correlation 
between the calculated molecular volume of 

pyraz'jle ( 4, 3-e) 1, 2, 4-triazolo ( 1, 5-c) -pyrimidine derivatives and their 
experimental Ki values . 
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ABSTRACT: A series of 28 new pyrrolo ( 2 , 3-d) pyrimidine-4-amines , 
py rimidc ■; ^ , ^-b ) indole- 4 -amines , and 

tetrahyci- :pyrimido (4, 5-b) indole-4-amines was synthesized and their 

adenosine receptor affinity determined m radioligand binding 

assays at rat Al and A2A adenosine receptors (ARs) . Selected 

compouncs were additionally investigated in binding assays at recombinant 

A3 AF.s . The 2-phenyl residue in 

(pj f l-:nethylbenzyl ) -2-phenylpyrrolo (2, 3-d) pyrimidine-4-amine (ADPEP, 
1) ai.d i:; the corresponding pyrimido ( 4 , 5-b ) indole (APEPI, 3) could be 
bioi.^ ost ri zally replaced by heterocyclic rings, such as 2-thienyl and 
4-pyii':ly; , The resulting compounds retained high affinity and selectivity 
for Jxl. AF- - Judging from the investigation of selected compounds, it 
appe^.rs r.r.at they are also potent at human Al ARs and selective not only 
vers^..s A2A ARs but also highly selective versus A2B and A3 ARs. The 
p-pyridy^ -substituted derivatives 11 and 27 {APPPI ) may be interesting 
pharnia a -.gical tools due to their fluorescent properties. 
Pyri' 1 3- ■ .:■ , 3-d) pyrimidine-4-amine derivatives which were simultaneously 
suh'S • i^i:- -(i at N7 and N4, combining the substitution pattern of ADPEP (1) 
and : PEAr (2), showed very low affinity for Al ARs. This finding supports 
our pre\-i r^usly published hypothesis of different binding modes for 
pyrrolof: yrimidmes, such as ADPEP (1) and DPEAP (2). DPEAP (2), a 
pyrr jl D [ 2 , 3-d) -pyrimidine-4-amine substituted at the amino group (N4), 
was four:a to exhibit high affinity for human A3 ARs (Ki = 28 nM) , whereas 
N4-ui:suk St ituted analogues were inactive, DPEAP (2) and related compounds 
provide n^--w leads for the development of antagonists for the human A3 AR . 
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ABSTPAi'T; Adenosine A2B receptors are known as low-affinity 

rece}.;roro due to their modes t-to-negligible affinity for adenosine 

and rot.L'typic agonists. Despite numerous synthetic efforts, 

5 ' -N-ethylcarboxamidoadenosine (NECA) still is the reference agonist, 

albeit nonselective for this receptor. In our search for higher affinity 

agonists, we developed decision schemes to select amino acids for 

mutarir.n to the corresponding residues in the most homologous, higher 

affii.ity, human A2A receptor. One scheme exploited knowledge on sequence 

aliqi.mei\t& and modeling data and yielded three residues, Vll, L58, and 

F59,' mutation of which did not affect agonist affinity. The second scheme 

combined knowledge on sequence alignments and mutation data and pointed 

to AlaI2 and Asn273. Mutation of Alal2 to threonine did not affect the 

affiirLty for NECA, ( R ) -N6- (phenylisopropyl ) adenosine (R-PIA) , and 

2C1 Ad:.. The affinity of the N273Y mutant for NECA and R-PIA and for the 

anta.roni.r t.s xanthine amine congener C-CAC) , ZM241385, and SCH58261 was 

alsc. un.Mtered. However, this mutant had a slightly increased affinity 

for a 2 - .rubstituted adenosine derivative, CGS21680. This prompted 

us tL> In^/estigate other 2-substituted adenosines, with selectivity and 

higli aff:.:;iity for A2A receptors. All four compounds tested had improved 

affi:i:,' r the N273Y receptor. Of these, 2- { 1-hexynyl ) adenosine 

had uoi'.:. _;r Dmolar affinity for the N273Y receptor, 0.18 +- 0.10 muM, with 

a 6i f::^'i affinity gam over the wt receptor. In addition, the non-NECA 

anal.j.g ( J } - PHP adenosine had an affinity of 1.7 +- 0.5 muM for the 

wt r^c-]:.t:'r. The high affinity of (S)-PHP adenosine for the wt 

receptnr suggests that further modifications at the 2-position may yield 

agon.isCi. with even higher affinity for A2B receptors. 
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ABSTPA.'::T: Methods for improving insulin sensitivity in a patient using one 
or more A2B adenosine receptor antagonists are disclosed. 
Thes- methods stimulate insulin dependent glucose uptake in muscle. 
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ABSTPJ\<.:T: i Brain capillary endothelial cells express a variety of 

nucl-M:.r.iae receptors, but differences have been reported between culture 
model-s. This study reports examination of nucleotide receptors on primary 
cultured rat brain capillary endothelial cells (RBCEC) grown on a 
biological extracellular matrix (ECM) to produce a more differentiated 
phen.-tyre. 2 Fura-2 fluorescence ratio imaging was used to monitor 
intr...c-lluiar free calcium concentration (Ca2 + )i. ATP, UTP, and 
2-mer hylt i\i'.3ATP (2-MeSATP) increased (Ca2+)i to similar levels, while 
2-MeL.APi?, ADP and adenosine gave smaller responses. 3 Removal of 
extr.vrellular calcium caused no significant change m the (Ca2+}i 
respn^e 2-MeSATP, evidence that the response was mediated by a 
metal: or rcfMc {P2Y) receptor. 4 All cells tested responded to ATP, UTP, 
2 -Me.; AT? and ADP, while 63 o responded to adenosine and 50 » to 
2-Me2AlJp. No cells responded to alpha , beta-methyleneATP . Cells grown on 
rat. tail :;ollagen instead of ECM gave smaller and less uniform (Ca2 + )i 
resp n?r-. suggesting that the differentiating effect of the ECM 
co!:tr to a more uniform receptor profile. 5 The {Ca2 + )i response to 

t:^;-e ■ .IV. elective agonist 2-MeSADP was abolished m the presence of the 
.-^ubt /p-- - •: - I'r'::tive antagonist adenosine 3'-phosphate 

5 • : oor j.^sulphate (PAPS). 6 The P2Y2 antagonist suramin completely 
bloc-.ed ^;\e response to ATP and inhibited the response to UTP by 66%. 1 
The Al iuotype-selective adenosine receptor agonist 

N6-Cycl rpentyladenosme (CPA) gave a small but characteristic (Ca2+)i 
resp.onse, while A2A and A2B subtype-selective agonists failed to 
genera'^ -r (Ca2 + )i changes. 8 The results are consistent with the presence 
on R:-..CE: ::f a P2Y2-like receptor coupled to phospholipase C, and a 
P2Yl- li':e receptor mobilizing intracellular Ca2+. The role of multiple 
nucl-o^id- receptors m the function of the brain endothelium is 
discui-seii . 
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ABSTRACT: The lack of a radiolabeled selective A3 adenosine receptor 
antagonist is a major drawback for an adequate characterization of 
this racer tor subtype. This paper describes the pharmacological and 
biocliemical characterization of the tritiated form of a new potent A3 
adenosine receptor antagonist, the pyrazolo triazolo 
pyrimidine derivative 

(3H) f>N- (4-methoxyphenylcarbamoyl) amino- 8-propyl-2- (2-furyl) pyrazolo {4, 3-e 
) -1, 2. 4-triazolo (1, 5-c)pyrimidine {(3H)MRE 3008F20). (3H)MRE 3008F20 
bouna speiifically to the human adenosine A3 receptor expressed m 
CHO ells {hA3CH0), and saturation analysis revealed a single high 
affir:icy n mding site, KD = 0,80 +- 0,06 nM, with a Bmax = 300 +- 33 
fmol/ mg^protein. This new ligand displayed high selectivity (1294-, 165-, 
and 247 1- fold) in binding assay to human A3 versus Al, A2A, and A2B 
recei:r Drs, respectively, and binds to the rat A3 receptors with a Ki > 10 
muM. Tne pharmacological profile of {3H)MRE 3008F20 binding to hA3CH0 
cell, wa.'- evaluated using known adenosine receptor agonists and 
anra 'Ml -..^ : s with a rank order of potency consistent with that typically 
foun^; fcr interactions with the A3 adenosine receptors. In the 
aden.'lyl ryclase assay the same compounds exhibited a rank order of 
potency laentical with that observed in binding experiments. 
Thermo lynamic data indicated that {3H)MRE 3008F20 binding to hA3CHO is 
entropy- and enthalpy-driven in agreement with the typical behavior of 
other adenosine antagonists to Al and A2A receptors. These results 
show that (3H)MRE 3008F20 is the first antagonist radioligand with 
high affinity and selectivity for the human A3 adenosine receptor 
and may he used to investigate the physiopathological role of A3 
adenosine receptors. 
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ABSTRA^:T: II:: highly selective antagonists of the A2B adenosine 
receptDU 'AR) have been reported; however such antagonists have 
rherapeutic potential as antiasthmatic agents. Here we report the 
synthesi:- of potent and selective A2B receptor antagonists. The 
structure-activity relationships (SAR) of 

8-phenyi- 1, :.-di- (n-propyl) xanthine derivatives in binding to recombinant 
human A2B AF.s in HEK-293 cells {HEK-A2B) and at other AR 
subtyfies v/er-e explored. Various amide derivatives of 

8- {4- ( ( rarb-jxymethyl) oxy) phenyl) -1, 3-di- ( n-propyl ) xanthine , 4a, were 
synthesized. A comparison of aryl, alkyl, and aralkyl amides demonstrated 
that simple anilides, particularly those substituted m the para-position 
with electron-withdrawing groups, such as nitro, cyano, and acetyl, bind 



selectively to human receptors in the range of 1-3 The 

unsubstituted anilide^Phad a Ki value at A2B recepto^^t 1.48 nM 
but was cnly moderatel^^elect ive versus human A1/A2A receptors and 
nonselective versus rat Al receptors. Highly potent and selective 
A2B ..-.ntaocnists were a p-aminoacetophenone derivative 20 (Ki value 

nM)"and a p-cyanoani lide 27 (Ki value 1.97 nM) . Compound 27 was 
400- . 2^:.~, and 123-fold selective for human A2B receptors versus 
huma:. A1.A2A/A3 receptors, respectively, and 8.5- and 310-fold selective 
versus raz A1/A2A receptors, respectively. Substitution of the 
1,3-diprcpyl groups with 1,3-diethyl offered no disadvantage for 
sele.jtivity, and high affinities at A2B receptors were maintained. 
Substitution of the p-carboxymethyloxy group of 4a and its amides with 
acrylic acid decreased affinity at A2B receptors while increasing 
affinity at Al receptors. 1 , 3-Di- ( cyclohexylmethyl ) groups greatly 
redu..:ed affinity at AP.s, although the p-carboxymethyloxy derivative 9 was 
moderately selective for A2B receptors. Several selective A2B 
antagcnists inhibited NECA-stimulated calcium mobilization in HEK- 
A2B cells. 
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ABSTRJ\CT: 1 In NG108-15 neuroblastoma X glioma hybrid cells, ATP stimulates 
intracellular cyclic AMP formation, which is inhibited by both 
adenosine ■;P1) and P2 receptor antagonists. In the present study, 
we examined the effects of several AMP derivatives in NG108-15 cells and 
mouse neuroblastoma N18TG-2 cells. 2 Adenosine 2 ' -monophosphate 
(A2P), adenosine 3 ' -monophosphate (A3P) and adenosine 
5 ' -p'iic sph jsulphate (A5PS) increased cyclic AMP levels with similar 
(:onc'rritr.;: 1 Dn-dependencies in NG108-15 cells. 3 Increases in cyclic AMP 
by a:? d'-Livatives were inhibited by the P2 receptor antagonist 
PPAIic, r..: not by suramin. Effects of AMP derivatives were also inhibited 
by P. re.>:-ptor antagonists ZM241385, XAC, DPCPX and partially by 
alloxazine. The ecto-nucleotidase inhibitor alpha, beta-methyleneADP was 
without effect. 4 In contrast, AMP derivatives did not change cyclic AMP 
levels in N18TG-2 cells. Accumulation of cyclic AMP in N18TG-2 cells was 
stimulate:! by adenosine A2 receptor agonists CGS21680 and NECA, but 
not iry ATP Dr beta , gamma-methyleneATP, agonists for cyclic AMP production 
in N^U0&-15 cells. 5 Reverse transcription-coupled polymerase chain 
reaction (RT-PCR) analyses revealed that N18TG-2 cells express both A2A 
and A2B receptors, while NG108-15 cells express mainly A2A 
receptors. 6 AMP derivatives did not affect the P2X and P2Y receptors 
expressed in NG108-15 cells. 7 These results suggest that A2P, A3P and 
A5PS azz Jis agonists for cyclic AMP production and that these compounds 
are '/alu.nble tools for determinating the mechanism of ATP- stimulated 
cyclic ;^J'iP response in NG108-15 cells. 
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ABSTRA'.:T: Water-soluble prodrugs of potent, A2A-selective adenosine 
recef.'tor (AR) antagonists were prepared. 

8- (m-&rt.m: styryl) -3, 7-dimethyl-l-propargylxanthine (BS-DMPX, 11) and the 
anal'.'qous 8 - (m-methoxystyryl ) xanthine derivative (MS-DMPX, 5b) were used 
as starring points. It was found that polar functional groups suitable 
for rh- attachment of a prodrug moiety were tolerated on the styryl ring 
and -v-n renter on the 3-substi tuent . 8 - (m-Hydroxystyryl ) -DMPX (7) and 
3- ( 3- hydr : xypropyl ) -8- (m-methoxystyryl) -1-propargylxanthine ( 5e, MSX-2 ) 
were "n*.- :uost potent and A2A-selective compounds and were selected for 
prod:u:T f:rmation. For the preparation of 5e a new ring-closure method 
was t^l .1 -:-d . Treatment of 

6-am] . ~ ( 3-hydroxypropyi) -5- {m-methoxycinnamoylamino ) - 3-propargyluraci 1 
with heMo:uechyldisilazane at high temperature resulted in higher yields 
cf t;.^;- '.-,iget xanthine than the standard ring-closure procedure using 
sodi in ::y::roxide. Phosphate prodrugs were prepared by classical 
fi.hos^ii jiy 1 ation using phosphorus oxychloride and alternatively by using a 
phosj. h:- -a:uidite method. Phosphates of the aliphatic alcohol 5e could be 
obtained t: y both methods in similar yields. The phenolic compound 7, 
howe\'--r. jould be phosphorylated only by using the phosphoramidite 
meth-Mi. Tl-e disodium salts of the phosphate prodrugs exhibited high water 
soiui.'i lity 

(8- (n-methoxy styryl ) -7 -methyl- 3- ( 3-O-phosphatylpropyl ) - l-propargylxanthm 
e di^vjdium salt, 9b: 17 mM, 9 mg/mL) . Prodrug 9b was found to be stable 
m a-iue.jui- solution (pH 7) but readily cleaved by phosphatases to 
liberat- (MSX-2) . Compound 5e showed high affinity for rat A2A AR (Ki 

= 8 i.M) , numan recombinant A2A AR (Ki = 5 nM) , and human native A2A AR 
{Ki -- 1 :i nM) and was highly selective versus rat Al AR (110-fold), human 
reccr:iliina:.t A2A J\P. (500-fold), human A2B AR ( >2 0 0 0- f old ) , and human 
A3 a;-, ■: ; i30-fold) - 
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ABSTRACT: Adenosine inhibits growth of vascular smooth muscle cells. 
The 'roal.s of this study were to determine which adenosine receptor 
subtyp'e mediates the antimitogenic effects of adenosine and to 
investigate the signal transduction mechanisms involved. In rat aortic 
vascular smooth muscle cells, platelet-derived growth factor-BB (PDGF-BB) 
{25 ng/mL) stimulated DNA synthesis {( 3H ) thymidine incorporation), 
celluiac proliferation {cell number), collagen synthesis {(3H)proline 
inco: p^ratir^n) , total protein synthesis {{3H)leucine incorporation), and 
mitoaen-activated protein (MAP) kinase activity. The adenosine 
receiptor agonists 2-chloroadenosine and 5 ' -N-methylcarboxamidoadenosine , 
but net IJ.— cyclopentyladenosine or CGS21680, inhibited the growth effects 
of PL)G?-Bi:., an agonist profile consistent with an A2B 
recept or -itieLliated effect. The adenosine receptor antagonists 
KF17-:-7 a:-.d 1, 3-dipropyl-8-p-sulf ophenylxanthine, but not 

8-cy' I :.p^Ttr.tyl-l, 3-dipropylxanthine, blocked the growth-inhibitory effects 
of 2 c:i-L lo.idenosine and 5 ' -N-methylcarboxamidoadenosine, an 
antagonist profile consistent with an A2 receptor-mediated effect. 
Anti-en.^e, but not sense or scrambled, oligonucleotides to the A2B 
receptor stimulated basal and PDGF-induced DNA synthesis, cell 
proliferation, and MAP kinase activity. Moreover, the growth-inhibitory 
effe'-ts L f 2-chloroadenosine, 5 ' -N-methylcarboxamidoadenosine, and 
eryt::r :i- - ( 2-hydroxy-3-nonyl ) adenine plus iodotubericidin (inhibitors of 
adenosine deaminase and adenosine kinase, respectively) were 
abolished by antisense, but not scrambled or sense, oligonucleotides to 
the A2B receptor. Our findings strongly support the hypothesis that 
adenosine causes inhibition of vascular smooth muscle cell growth 
by activating A2B receptors coupled to inhibition of MAP kinase 
acti^'ity. Pharmacological or molecular biological activation of A2B 
recey t. J r;: may prevent vascular remodeling associated with hypertension, 
atheiosc i -rosis, and restenosis following balloon angioplasty. 
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ABSTRA 'T : 

Pyri'i jxa : - 5 ' -phosphate- 6- (2 ' -naphthyla zo- 6 ' -nitro-4 ' , 8 ' -disul f onate ) 
(PPNDS) ^'itently antagonized P2X1 receptor-mediated responses in rat vas 
deferens (pKB = 7.43) and Xenopus laevis oocytes {pIC50 = 7.84). It 
showed lower (up to 20,000-fold) inhibitory potency on ecto-nucleotidase 



m X^ncy.us oocytes and^a P2Y1 receptors in guinea-pig ^^um (p A2 = 
6.13', PPKDS did not i^Bract with alpha lA-adrenocepto^^^adenosine 

Al and A2B, his tamine f^and muscarinic M3 receptors. T^K, PPNDS 
IS a novel, specific P2 receptor antagonist and represents the 
pyridcxal- 5 ' -phosphate derivative with the highest potency at P2X1 

rece}-': or^ . 
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ABSTPA'-'T: Adenosine is a potent regulator of acetylcholine release in 
the -cri.^tum, yet the mechanisms mediating this regulation are largely 
undefined. To begin to fill this gap, adenosine receptor expression 
and coupling to voltage-dependent Ca2+ channels were studied m 
rhol 1 -er'!: ic interneurons by combined whole cell voltage-clamp recording 
and .r.mcl-- rell reverse t ranscription-polymerase chain reaction. 
Choi 1 ner c interneurons were identified by the presence of choline 
acetyl-tiJ^nsf erase mRNA- Nearly all of these interneurons (90'^, n = 28) 
expr-;33ed detectable levels of Al adenosine receptor mRNA. A2a and 
A2b receptor mRNAs were less frequently detected- A3 receptor mRNA 
was undetectable. Adenosine rapidly and reversibly reduced N-type 
C.a2+ ::urr-fnts m cholinergic interneurons. The Al receptor 
antagonist -cyclopentyl- 1 , 3--dimethylxanthine completely blocked 
the -tt^t-- of adenosine. The IC50 of the Al receptor selective 
agonist _ - chloro-N6-cyclopentyladenosine was 45 nM, whereas it was near 
30 m-^M f:r the A2a receptor agonist CGS-21680. Dialysis with GDPbetaS or 
brief exfiisure to the G protein (Gi/o) alkylating agent N-ethylmaleimide 
also blocked the adenosine modulation. The reduction in N-type 
:uir-:nt,v ^'^ac partially reversed by depolarizing prepulses. A 
niei;uj ; -ic- .elimited pathway mediated the modulation, because it was not 
seen in .-'r. L 1 -attached patches when agonist was applied to the bath. 
ActivatiL'n of protein kinase C attenuated the adenosine modulation. 
Taken to^iether, our results argue that activation of Al adenosine 
recept^iTi m cholinergic interneurons reduces N-type Ca2+ currents via a 
membrane-:;elimited, Gi/o class G-protein pathway that is regulated by 
protein kinase C. These observations establish a cellular mechanism by 
which adenosine may serve to reduce acetylcholine release. 
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ABSTPAj'T: series of novel and known 5-substituted 

7-am::i:-. - {2-furyl) {1, 2, 4) triazolod, 5-a) {1, 3, 5) triazme derivatives were 
synti.es I zed and tested for adenosine receptor antagonism in 
radi.jlivTand binding assays at all four adenosine receptor subtypes 
and for inhibition of the agonist-induced cyclic AMP response at human 
A2B re:-ftors. The known potent adenosine A2A receptor 
antagonist , 

7- am. n J -2 - (2-furyl ) -5- (2- ( 4-hydroxyphenyl ) ethyl ) amino (1,2,4) triazolo (1,5- 
a) (I, :i, ;■) t riazine (ZM241385, KiA2A = 1.78 nM) had a Ki value of 16.5 nM 
at A2B rereptors in radioligand binding studies on Chinese hamster 
ovary ^--lls expressing A2B receptors. A pA2 value of 7.9 was 
measured for the inhibition of the cyclic AMP response by A2B 
rece}jt:'r; induced by 5 ' -N-ethyl ca rboxamidoadenosine (NECA) . In a series 
of ^ ijn--i.yl ;alkyl) ammo analogs the 5- ( 2-phenylethyl ) ammo analog LUF5452 
and r:ne ' - benzylammo analog LUF5451 were both more potent than ZM241385 
m the cy:l.ic AMP assay at A2B receptors. Moreover, Ki values of 
9,9 -.nd '.'.6 nM were found in binding studies at this receptor subtype, 
indi. atiK.^ that LUF5451 and LUF5452 are more potent A2B receptor 
anta ::ni:.-s than ZM241385. The affinity of LUF5451 for the A2A receptor 
.Ki • s, I .l^ - 13 nM) showed that the selectivity for this receptor subtype 
was . if^: ^.nd that a modest A2B receptor selectivity was achieved. 
The ■ - ( 2-phenylhydrazino) derivative LUF5475 showed a high A2B 
receiptor affinity (Ki = 7.6 nM} , while it was equally active at A2A 
recefLitors, being A2B receptor-selective with respect to Al and A3 
recej:i t d rs . 
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ABSTPA>::T: The structure-activity relationships (SAR) of 

8-phenyl- 1 , 3-dipropylxanthine derivatives in binding to recombinant human 

A2B adenosine receptors were explored, in order to identify 

selective antagonists. Based on the finding of receptor selectivity m 



MPS .2")'i, ccntainmg aj^^-hydroxysuccinimide ester atta^^d through the 
^■-posiMcn cf the substituent (Jacobson et al^^999): Drug Dev. 

Pes., 47:45-53}, a hyd^^ide and its more stable imide cffrivatives were 
synthesized. The hydrazide of XCC 

IS- (4- ( ( :carboxy)methyl) oxylphenyl) -1, 3-dipropylxanthine ) was acylated 
with a \^ariety of mono- and dicarboxylic acids. Ki values were determined 
in tlie adenosine receptor binding assays. At recombinant human 
A2B re.-eptors expressed m membranes of HEK-293 cells, 
antagonist radioligands used were the xanthine 125I-ABOPX 
(1251- 3- (4-amino-3-iodobenzyl) -8-oxyacetate- l-propyl-xanthme ) and the 
nonxanthme antagonist (3H)ZM 241385 

( (3H; 4 - i2- (7-amino-2- (furyl) (1,2, 4 ) triazolo ( 2 , 3-a ) (1,3, 5 ) triazm- 5-ylamin 
o-ethyl } i:.henol) . The initial screening utilized rat A1/A2A receptors and 
human .M-' receptors, and selected compounds were examined at the human 
A1/A.:a sKbtyp.es. A 1 , 2 -dimethylmaleimide derivative, 14 (MRS 1595), bound 
to huma- A2B receptors with a Ki of 19 nM and proved to be 
selective vs. human A1/A2A/A3 receptors by 160-, 100-, and 35-fold, 
respec- i\'ely . Enprofylline ( 3-propylxanthine ) is slightly for A2B 
recept -.'rt , suggesting removal of the 1-propyl group; however, combination 
of tlie 1 'r:-3-Pr and 8-phenyl substituents eliminated the selectivity. 
L'the-; :'C--ii: and moderately selective A2B antagonists were a 
tecr vir//c:.i .jphthaloyl derivative 18b (MRS 1614, Ki value 10 nM) and amino 
acia ^:';.n-;qates of the XCC-hydrazide , i.e., the glutarimide 24b (MRS 
1626, Ki' value 13 nM) , and protected dipeptide 27 (MRS 1615, Ki value 11 
nM) . 
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ABSTRA'::T: Fecombinant human A2B adenosine receptors (A2BARs) 

and re -e^.- ^ ors extended on the amino terminus with hexahistidine and the 
FLAG epit. :'pe, DYKDDDDK (H/F-A2B) were stably over- expressed (to 
>20,00") f.mol/mg protein) in human embryonic kidney 293 cells (HEK- 
A2B) . 3y western blotting, the H/F-A2B receptor runs as a 
3>4 . y-'-y/Jc. iilycoprotein . Pharmacological properties of A2BARs were 
-hara.::t^ i i zed with 12 5 1 - 3-aminobenzyl- 8-phenyl- ( 4-oxyacetic 
acid; - l-t Lop.ylxanthme (KD, 36 nM) . In competition binding assays, the 
affinity of agonists is reduced by substitution on either the N6- or the 
C-2 p.:)sition of the adenine ring, whereas 5 ' -substitutions increase 
affinitv, resulting in the potency order: 5 ' -N-ethylcarboxamidoadenosine 
[UECh] rv.hgt N6-aminobenzyl-NECA apprxeq2-chloroadenosine > 
;!-(4--(J- arh'oxyethyl) phenethylamino} -NECA (CGS21680) > 
:J*^- :iiMn ji :^nzyladenosine . The A2BAR is potently blocked by the 
A2A-seie. :tive antagonist 

4- (2- (7-amino-2- (2-furyl) ( 1 , 2 , 4 ) t riazolo- ( 2 , 3-a ) (1,3,5) 
triazin-5-yl-amino) ethyDphenol (ZM241385; KI , 32 nM for A2B, 1-4 



nM fcr A2A) and the Al^jelective antagonist 

3-cy::loi:entyl-l, 3-dipr^Blxanthine (Kl, 50.5 nM for A2£^A.5 nM for 

Ai}. The Kl values for^ffie antiasthmatic xanthines, the^^ylline (7.8 
muM) ana enprofylline (6.4 muM) , are below their therapeutic plasma 
concentxa^.ions (20 to 50 muM) , and agree with Kl determinations for 
inhibit.10:: of NECA-stimulated cAMP accumulation m HEK-A2B cells. 

IJECA cr M- - { 2-iodo) benzyl-5 ' -N-methylcarboxamidodoadenosme (IB-MECA) 

ss^iKJ.A.^: ir-iositoi t r 1 sphosphates and calcium accumulation m HEK- 

A2B or KIm'-AB cells, respectively, but only the A3 response is 

prevented by pertussis toxin. In human HMC-1 mast cells, A2BAR activation 

stimulare^ calcium mobilization and cAMP accumulation. We conclude that 

HEK-A2B cells and HMC-1 mast cells possess A2BAR glycoproteins that 

are cc ui:l-d to both Gq/11 and Gs . 
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ABSTRACT: A.: adenosine receptor antagonists are sought for their 

pote-tial antiinflammatory, antiasthmatic, and antiischemic properties. 
We have f ..und that 3 , 5-diacyl- 1 , 2 , 4- 1 rialkyl- 6-phenyl-pyridinium 
deriva", 1 \'es constitute a novel class of selective A3 adenosine 
recept M- .^.nt agonists . The structure-activity relationships of this class 
Df ar.t i.:r..'::ists, incorporating the 3-thioester, have been explored. The 
most p.-'t-^i.t analogue in this group was 

2, 4-ai-r hyl- l-methyl-3- ( ethyl sulfanylcarbonyl ) -5-ethyloxycarbonyl-6-pheny 
Ipyridir.ium iodide (11), which had an equilibrium inhibition constant 
(Kl) v'llue of 219 nM at human A3 receptors (binding of ( 12 5 1 ) -7\B-MECA 
; lie- ^ - ,: :nLn: - 3-iodoben2yl ) - 5 ' -N-methylcarbamoyladenosine ) ) expressed in 
;hir.- .e-- :.ini.iter ovary vCHO) cells and >10 muM at rat brain Al and A2A 
i-ecert ! .-. and at recombinant human A2B receptors. Compound 11 could 
be geii'-r...-.:.ed through oxidation of the corresponding 

3, 5-aia.::yl-i,2, 4- trialkyl-6-phenyl- 1 , 4-dihydropyridine, 24, with iodine 
or m t::\e presence of rat brain homogenates. A 6-cyclopentyl analogue was 
shown ::■.) increase affinity at human A3 receptors upon oxidation from the 
j^-j^ethy L-I, 4-dihydropyridine analogue, 25, to the corresponding 
pyriiiMi derivative, 23 (Ki 695 nM) , suggesting a prodrug scheme. 
Homoio:rttion of the N-methylpyridinium derivatives to N-ethyl and 
N-pr'jpy] at the 1-position caused a progressive reduction m the affinity 
at A3 receptors. Modifications of the alkyl groups at the 2-, 3-, 4-, and 
5-positions failed to improve potency in binding at A3 receptors. The 
pyridinium antagonists are not as potent as other recently reported, 
sele-ti-/e A3 receptor antagonists; however, they display uniquely high 
water s^lability (43 mM for 11). Compound 11 antagonized the inhibition 
of a;lenylate cyclase elicited by IB-MECA m CHO cells expressing the 
human A adenosine receptor, with a KB value of 399 nM, and did not 
act as an agonist, demonstrating that the pyridinium salts are pure 



antagonis.t s . 
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ABSTRACT: Adenosine, released in increased amounts by hypoxic 

tissues, IS thought to be an angiogenic factor that links altered 
cell\;lar n\etaboliSTn caused by oxygen deprivation to compensatory 
angi .: ger.esis . Adenosine interacts with 4 subtypes of G 
pirot-in-ciupled receptors, termed Al , A2A, A2B, and A3. We 
inve^ t L'-at ed whether adenosine causes proliferation of human 
retiTial endothelial cells (HRECs) and synthesis of vascular endothelial 
arowvh fa::tor (VEGF) and, if so, which adenosine receptor subtype 
medi.ir.e;r these effects. The nonselective adenosine receptor agonist 
' -i:- -t/.yl - ^J^boxamidoadenosme (NECA) , in a concentration-dependent 
manr. i, l;.-reased both VEGF mRNA and protein expression by HRECs, as well 
as p.:..::ilif-ration. This proliferative effect of NECA was inhibited by the 
addiMor. :f anti-human VEGF antibody. NECA also increased msulin-like 
grow::h fa:tor-I and basic fibroblast growth factor mRNA expression in a 
time-der e:^.dent manner and cAMP accumulation in these cells. In contrast, 
neitter tne Al agonist N6-cyclopentyladenosine nor the A2A agonist 
2-p- 1 ^- rarboxyethyl ) phenethylamino-NECA caused any of the above effects 
of NF,CA. The effects of NECA were not significantly attenuated by either 
the A2A antagonist SCH5 82 61 or the Al antagonist 
8-cy'::lor'er:thyl-l, 3-dipropylxanthine . However, the nonselective 
adenosine receptor antagonist xanthine amine congener 
completely inhibited the effects of NECA. Addition of antisense 
olig^r-nucl-rotide complementary to A2B adenosine receptor mRNA 
inhij;>i^ed VEGF protein production by HRECs after NECA stimulation. Thus, 
the A2B adenosine receptor subtype appears to mediate the 
acti'^ns cf adenosine to increase growth factor production, cAMP 
content, Jind cell proliferation of HRECs. Adenosine activates the 
A2B adenosine receptor in HRECs, which may lead to 

neov..;is-.il.:irization by a mechanism involving increased angiogenic growth 

f a c t : I ^; X r e s s 1 o n . 
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ABSTRAO'T: F -i-cent evidence indicates that A2B receptors mediate 

cellular functions with potential clinical relevance. Both A2A and 

A2B receptors mediate vasodilation, and the receptor type involved 

depends cn the vascular bed and species studied. In some experimental 

models, A2B-induced vasodilation is mediated by the endothelium, 

but :t L.r unclear whether this vasodilation is due to nitric oxide or 

whet:".er A2B receptors also mediate direct vascular smooth muscle 

relaxat L'l-: . . A2B receptors expressed m smooth muscle cells inhibit 

their g:::jwth, raising the possibility that these receptors play a role in 

the vasv:ular remodeling process observed m hypertension and 

ather :)S':l^r jsis . A2B receptors are also expressed in neurons, and 

there are several examples of these receptors mediating neuroexci tatory 

acii^ns. :nrluding potentiation of neurotransmitter release. The highest 

expr^-ss ..L : . of A2B receptors is found throughout the intestinal 

trac: . During diarrheal processes, neutrophils recruited into intestinal 

cryprs rt-.^ease a soluble "neut rophil-derived secretagogue , " which then 

mcreas^is intestinal secretion. It is now known that this neutrophil 

produce AMP, which is then converted to adenosine to activate 

A2B receptors expressed in intestinal epithelium. It was also 

recently found that activation of human mast cells by adenosine is 

mediated by A2B receptors. Mast cell activation is involved in 

adenosine - induced bronchoconstriction in asthmatics, suggesting 

that A2B receptors are involved in this process. Our understanding 

of the furii^tional role of A2B receptors is hindered by the lack of 

seleci:i\-^e agonist and antagonist of this receptor type. Recent 

studies suggest the feasibility of developing A2B antagonists. Such 

agent;s ma'^- prove useful in the treatment of diarrheal diseases and in 

asthma . 
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adenosine re'-eptors. 
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ABSTRACT: Three structurally related non-xanthme compounds, CGS 15943, ZM 
24 138 5 and SCH 58261, are potent A2A adenosine receptor antagonists 
and have keen used as tools m many pharmacological studies. We have now 
chaiacreiized their affinity and selectivity profile on human 
adenosine receptors stably transfected into either CHO cells {Al 
and A2B re.^eptors) or HEK-293 cells (A2A and A3 receptors). In 
bindin:j .-rt.udies using (3H)SCH 58261 as a radioligand, the three compounds 
v^^^e eqi.:.-illy potent at A2A receptors, their Ki value being less than 1 
nM. Affii.ity for Al and A3 receptors was measured using (3H)DPCPX and 
( 1 25 r ) AS I-IEl'A as radioligands. Given the lack of selective ligands, 
inteLa::t:i n with A2B receptors was assessed using the cAMP 
accumulat icTi assay following stimulation by the adenosine receptor 
a^oni.sr i: .rthylcarboxamidoadenosine (NECA) . CGS 15943 was almost as 
p .:.t e]::. a* Al receptors (Ki 3.5 nM) as at A2A receptors, showed moderate 
afr i::i::-/ : t Ai receptors (Ki 95 nM) and also interacted with A2B 
r^'.-et.: ::. [Ki. 44 nM; pA2 7.5). ZM 241385 showed little affinity for Al 
r'-r<-epr ::r (Ki 255 nM) , and did not interact with A3 receptors {Ki>10 
muM) ; hcv;ever, it displayed moderate affinity for A2B receptors {Ki 
Sf) nM; pA.^ 7.3). SCH 58261 had weak affinity for Al receptors ( Ki 287 
nM) , nr.- i rit e rac tion with A3 receptors (Ki>10 muM) , and showed negligible 
mte :-t 1 -n with A2B receptors (Ki 5 muM; pA2 6.0). These data 
mdica:. e rhat SCH 5 82 61 is the most selective A2A antagonist 
current! available. Moreover, the different receptor selectivity of 
these :.:\r':.-e chemically related compounds provides useful information to 
progres;: v;i th structure-activity relationship studies. 
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ABSTR-ACT: A jjo ten tia ting effect by adenosine on the 

bron:-h:>'''j:. tractile response to histamine has been previously described m 
a guine,.i-r I g model (Breschi et al . {1994} Pharmacology 49:42-51). In the 
pres-vii s*:uiy, the subtype (s) of purinergic receptors involved m this 
modular ■"■ry effect of the nucleoside have been investigated. A possible 
role fur P2 receptors or for the putative P3 receptor subtype was 



excluded because of thj^kery poor modulatory effect of P2 agonist 

alpha, beta-methylene A|^t;hen compared with the effects^^ all the PI 

agonist.^ tested, with the exception of 5 ' -N-Methyl-N6- (^^odobenzyl) 
adenosine. The order of potency revealed for the PI agonists was 
R-N6- ( 2-p'henylisopropyl } adenosine (R-PIA) = 

. -H-methylcarboxamidoadenosme > N6-2- ( 4-aminophenyl ) ethyladenosine 
gtoreq adenosine and in the presence of R-PIA, a significantly 
greater maximal effect was observed. Among the adenosine receptor 
anta :fO]i : £ t --r. evaluated, the A2 antagonist 

7-':i,imet:-.yl-l-propargylxanthine even increased the effect of 
adenosine and no influence was evident with the reported A2B 
antagonist enprof ylline . A significant reduction of the 
potentiating activity of adenosine was, on the contrary, obtained 
with zri'z nselective blocker theophylline or the Al antagonist 
IjE'CP:-:. v.- conclusion, the above data suggest that the potentiation of 

•iist-imine- induced bronchoconst riction by adenosine is mediated by 
the .stimulation of Al receptors. 
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ABSTRAl'T: The aims of this study were to characterize the adenosine 
receptor subtype mediating inhibition of superoxide anion generation 
mdU'. ed by N- f ormyl-methionyl-leucylphenylalanme (fMLP) in human 
neut :■ I't'hi 1 s and to test the hypothesis that adenosine 3':5'-cyclic 
monoL hosphat e (cAMP) is the second messenger mediating such inhibition. 
Supe i-C'Xiae anion generation induced by a submaximal concentration of fMLP 
( 1 muM) was inhibited in a concentration-dependent manner by 
adenosine receptor agonists with a rank order of potency of 
N- ethyl :;a rboxamidoadenosme (NECA) > 

2(4-- { 2-cart oxyethyl ) phenyllethylammo ) -5 ' -N-ethylcarboxamido 
adenosine .COS 21680) { R ) -N6-phenyl-2-propyladenosine ((R)-PIA) > 

2- Ch: c.r ( 3-iodobenzyl ) 9- ( 5-methylca rbamoyl ) -beta-D- ribo f uranosyl ) 
adenm- { 2 -01-IB-MECA) > N6-cyciopentyladenosine (CPA) > 

IS) -r .v. -phenyl -2-propyladenosine ( (S) -PIA) > N6- ( 4-amino-3-iodobenzyl ) 
adenosine- 0 ' -N-methyl-uronamide (AB-MECA) ; this order of potency is 

zons:st'E^nt with the activation of A2A adenosine receptors. The 
'aj:':^- I-r::t:"'e Al, A2A, and A2B receptor antagonist 

H-t:,- r ii p:. ..t: henyl ) theophylline {8-SPT; 10 muM) produced blockade of each 
of t.:,e iq^'iLLsts (PKB values 4.79-5.68). The selective Al adenosine 
recet t r antagonist 1 , 3-dipropyl-8-cyclopentylxanthine (DPCPX; 100 
nM) and the selective A3 adenosine receptor antagonist 

3- ( 3 i jdo-4-aminobenzyl ) -8- ( 4-oxyacetate ) phenyl- 1 -propyl xanthine 
(I-AbOPX; 200 nM) also produced blockade of all the agonists {PKB values 
7.37-7.51 and 6.75-7.52, respectively); however, the concentrations 
required were higher than those which are considered selective for the Al 
or A3 receptors. The selective A2A receptor antagonist, 

4- (2- (7-amino-2- (2-furyl) (1,2,4) triazolo (2,3-a) (1,3,5) triazin-5-yl 



amiiv; leviv/l) phenol (ZMH41385; 100 nM) , powerfully sup^^ssed the 
mhii itiGM of the oxid^B\/e burst induced by each of th^^gonists. A 

Schiid analysis of the effects of ZM 241385, 1-100 nM, ^^mst NECA and 
CGS .:163C was carried out. ZM 241385 produced concentration-dependent, 
parallel shifts of the concentration-effect curves to both NECA and CGS 
2l6S'-h with pA2 values of 9.62 and 9.59, respectively. Together, these 
data es*:ablish that inhibition of the oxidative burst in human isolated 
neutropriils, induced by adenosine receptor agonists, is mediated by 
the A2A receptor. NECA (0.01-10 muM) induced a concentration-dependent 
increase m the intracellular cAMP content of neutrophils. This effect 
was mhikited in a dose-dependent manner by ZM 241385 (0.001-10 muM) , 
consistent with activation of A2A adenosine receptors. The results 
clearly demonstrate that m human neutrophils inhibition of the 
fMLP-indu:::ed oxidative burst by adenosine receptor agonists is 
medi-.teci via activation of A2A adenosine receptors linked 
positively to cAMP. No evidence of Al , A2B, or A3 adenosine 
receiJtor-itiediated modulation of oxidative burst was found. 
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ABSTPA.::T: T::e recent discovery of selective antagonists for the A2A 
adenosine receptors has been of great help to further research in 
this fi-rll. One compound, SCH 58261, 

5-amin'j-7-- ( beta-phenylethyl ) -2- ( 8-f uryl ) pyrazolo (4,3-e)-l,2, 4-tria2olo (1, 
' -c ) f y r^m.vdine, is playing a key part in a variety of studies. This 
ievi--v/ : --ribes its pharmacological characteristics as they are emerging 
in v^^L:^..:: laboratories. The compound has an affinity in the low nM range 
(?:i val.:e of 1-2 nM) for A2A receptors located on membranes from a 
variety c f tissues and cell types, including rat and bovine brain 
striatum, human platelets, lymphocytes and neutrophils, porcine coronary 
arterie-, and CHO cells transfected with the cloned human A2A receptors. 
SCH ''i-:2':l has little or no affinity up to the muM range for 
adenosine A2B, A3, or other G protein-coupled receptors, 
Sele ::t L^M ■- y for A2A vs. Al receptors varies from 53- to 750-fold, 
dependi::g on membranes or type of assay. SCH 58261 blocks A2A-receptor 
mediated increase of cyclic AMP formation with high potency (e.g., IC50 
values between 15 and 20 nM in human white blood cells) . The tritiated 
form of SCH 58261 specifically labels A2A receptors in discrete regions 
of the rar. orain such as caudate-putamen, nucleus accumbens, and 
t,uber'-:uli..:r. jlfactorium. In classic m vitro bioassays, such as 
A2A- re :epr o r-mediated vasodilation m coronary arteries, SCH 58261 
display.: competitive antagonistic properties (e.g., pA2 value of 9.5 in 
porciiie cjronary arteries). In assays involving responses mediated by Al 
or A2B ie:eptors, SCH 58261 shows little or no activity up to 
:7onc^ntra*:ions about 100-fold higher than those affecting A2A receptors 

iiigi.-rr ;■ ;n :'ent rations not being testable due to its poor water 
^ jlui : 1 1 . In the rat, SCH 58261 enhances locomotor activity (at 3.7 
mg/kg i}: ) , increases wakefulness (10 mg/kg ip) and slightly increases 
both bli'Oi pressure and heart rate (10 mg/kg ip). These activities appear 



to be specifically mecy^ted by A2A receptors since the cy|ug counteracts 
ttie effect of A2A recd^^r agonists m some exper iment^^^aradi gms . In 

models RLLmickinq CNS disorders, SCH 58261 potentiates t^F^activity of 
L-dOPA cr dopamine receptor agonists m the 6-hydroxydopamine-lesioned 
rat model. Moreover, the compound reduces brain infarct size in a rat 
model of cerebral ischemia. Altogether, SCH 58261 and its radiolabeled 
fr-rm have emerged as interesting tools for better understanding the 
f::nc'-i: :■- -:f A2A receptors m physiological or altered conditions. 
M-i- ,v.-r, r.rie neuroprotective properties of SCH 58261 indicate that drugs 
ot tMio class have a potential for treatment of brain damage produced by 
Parkms'jn's disease or stroke. 
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ABSTRACT: The coronary vasodilation caused by adenosine is due to 
activati.i.n of A2 adenosine receptors (A2AdoRs), but the subtype or 
subtyp.es :f A2AdoR (A2A and/or A2B) that mediate this action are 
uncertain. The purpose of this study was to test the hypothesis that 
A2AAaoRi mediate coronary vasodilation caused by exogenous or endogenous 
adenosxne m the guinea pig isolated perfused heart. The newly 
described A2AAdoR antagonist SCH58261 was used to selectively block 
A2AArioR:: . Attenuations by SCH58261 of increases in coronary conductance 
(A2 t e,?t: j:".se ) and of atrioventricular nodal conduction time (Al response) 
caus-d ry exogenous and endogenous adenosine and by agonists with 
relati-/'r selectivity for A2A and AlAdoRs were measured. The 
CGS2 J oO induced increase of coronary conductance was antagonized by 
SCH5:r2 0.1 in a concentration-dependent and competitive manner with a KB 
value 'I'i ^.01 nm. Also reversed by SCH58261 (60 nmol/L) were the 
1 :tc t 1:1 coronary conductance caused by the relatively selective 
AlA'i: R v-nists CCPA (70 nM) , and ( R ) - ( - ) Nb- ( 2-phenyl-isopropyl ) 
adenosine (-SO nM) but not those caused by sodium nit roprusside (1.2 
muM) aiv:; :;iltiazem (0.4 muM) . SCH58261 (ItoreqlOO nM) did not attenuate 
the AlAo.oR-mediated prolongations of S-H interval caused by either 
adenosine or CCPA. SCH58261 attenuated the coronary vasodilation 
caused t y 50 nM adenosine with an IC50 value of 6.8 +- 0.6 nM. The 
roror:ary vasodilations caused by the nucleoside uptake inhibitor 
draflazme and the adenosine kinase inhibitor lodotubercidin were 
completely reversed by 60 nM SCH58261 or adenosine deaminase (7 
U/ml ) - Thus, the A2AAdoR plays a major role as mediator of coronary 
vaso'ili 1 r.tion caused by exogenous and endogenous adenosine and by 
AdoR agonists. 

19 9 8 



2/3, AB/i^; 



(Item 41 from file: 5) 



DIALOG (P ) File 5 : Biosisj^feviews (R) 
(c) 2001 3ICSIS. All rt^^eserv. 

I122075S' BIOSIS NO.: 199800002091 
All adenosine receptors potently regulate heart rate in mammalian 
embryos . 

AUTHOP": Hcfman Paul L; Hiatt Kelly; Yoder Mervm C; Rivkees Scott A(a) 
AUTHOR ArCPESS: (a) Section Pediatric Endocrinol., Yale Univ, Sch. Med., PO 

Box -;C::^:ei, 464 Congress St., New Haven, **USA 
JOURNAL: pjiierican Journal of Physiology 273 {4 PART 2 ) : pRl 37 4-R 1 3 8 0 Oct., 
1997 

ISSN: i:i>i2- -513 
DOCUMENT TYPE: Article 
RECOPE' TV'.-E: /Oostract 

laj:gi;A':-;i5; : English 

AESTPAi'T: Al adenosine receptors (A17\Rs) have been recently shown to 
be expressed in rodent embryonic hearts at very early stages of 
development. To determine the functional significance of fetal cardiac 
AlAR expression during embryogenesi s , murine fetal heart preparations 
were st.ULiied between pos tconceptual days 9 and 12. Dose-response curves 
._^ener:.ire(:; using a variety of adenosine agonists revealed that AlAR 
activati'i-n potently regulated fetal heart rates. The AlAR agonist, 
N6-cyclc:pentyladenosine, inhibited heart rates in a dose-dependent manner 
(hal f -m..Hximal effective concentration = 3.6 X 10-8 M) and stopped fetal 
cardiac contractions in 63o of preparations. In contrast, A2a and 
A2b re-.:ep:or activation did not alter heart rates, and activation 
of A:. r--:-eptors produced modest declines m heart rates. Endogenous 
adenosine also acted tonically to suppress fetal heart rates, as 
demc'j .oT : ed by the A, AR antagonist 

1, 3-djpr:r yl-8cyclopentylxanthine, increasing heart rates, whereas the 
adenosine reuptake blocker dipyridamole lowered fetal heart rates. 
Pertv.s.r-.ii t I'Xm treatment blocked AlAR action, showing that AlAR action 
was -r prirem mediated. Using drugs that alter cAMP levels and ion 
'::hai.;.^'; ^ t i on, we were able to show that AlAR action involves events 
i;ied3 .t'rd y cAMP, ATP-dependent K, L-type calcium, sodium, and chloride 
i::han:.^ I 1^, and the pacemaker current. These data show that adenosine 
and AiA?; potently regulate mammalian heart rates via multiple effector 
system-, at very early stages of prenatal development. 
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ABSTPJVCT: Mine C2- subs ti tuted adenosine analogues that are potent and 
selective for the A2-adenosine receptor were tested for their 
ability t: induce relaxations of the guinea pig aorta. Compounds tested 
were 2 -phenylethoxyadenosine (PEA), 

2-phenylethoxy-5 • -N-ethylcarboxamidoadenosine (PENECA) , 

2-cycl Jhexylethoxyadenosine (CEA) , 2-f luorophenylethoxyadenosine (FPEA) , 




2-methoy.yf:'henylethoxya£^iosine (MPEA) , 2-naphthylethox^^enosine (NEA) , 
. -ph.:nyic.:i;inoadenosin^P:V-1808) , 2-phenylethylaminoad^^ine (PEAA) and 
^-cart'0>:yethylpheneth^Bmino-5 • -ethylcarboxamidoadenos^^ (CGS21680) . The 
resp< iisel to these agents were compared to those of three standard 
adenosine receptor agonists, 5 ' -N-ethylcarboxamidoadenosine (NECA) , 
N6-cyclohexyladenosine (CHA) and R-N6-phenyli sopropyladenosine (R-PIA) . 
The c2-ethoxyadenosine analogues were 30- to 140-fold less potent than 
riECA and the C2 -amino- subs tituted analogues were 250 to 1000-fold less 
potent than NECA at inducing relaxations of the guinea pig aorta. All of 
the ..nalccfues were also less potent than the Al-selective agonist R-PIA. 
Howe^/er, only responses to NECA were competitively antagonized by the 
non-i.elecr ive adenosine receptor antagonist 

8-phenyltheophylline (8-PT), pKB = 6.83 . +- . 0.05. The results suggest 

that -he C2- subs tituted analogues produce relaxations of the guinea pig 

aort.H thr:'ugh a combination of actions at A2-adenosine receptors 

and ...t xanthine resistant sites. The lack of potency of these analogues 

at activating the xanthine sensitive A2-receptors in the guinea pig aorta 

suggests that these adenosine receptors may be of the A2b 

-subtype . 
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AB3TRA'":T: i The Pl-purinoceptors mediating relaxation of the rat duodenum 
and inhii;ition of contraction of the rat urinary bladder were 
charaotera zed by use of adenosine and its analogues 

^ . _j^..erhy:: - -arboxamidoadenosine (NECA) , N6-cyclopentyladenosine (CPA) and 
2-p- (.:.-! ■ i oxyethyl) phenethylammo) -5 ' -carboxamidoadenosme (CGS 21680) , 
as w-^11 a;i: the Al-selective antagonist 

1, 3-diprof: yl-8-cyclo-pentylxanthine (DPCPX) . The stable analogue of 
adenosine 5 ' -triphosphate (ATP), adenylyl 

5'- ( .beta. , .gamma. -methylene) diphosphonate (AMPPCP) , was also used as 
previous work had indicated that it has a direct action on some PI 
receptors in addition to its P2-purinoceptor activity. 2 In the rat 
duodenum, the order of potency of the adenosine agonists was NECA 
.gtoreq. CPA > AMPPCP = adenosine > CGS 21680, and DPCPX 

antagonized CPA and AMPPCP at a concentration of 1 nM whereas equivalent 
antagonism of NECA and adenosine required a concentration of 1 
.mu.M. This suggests the presence of a mixture of Al and A2 receptors in 
this ti3s\.e, with CPA and AMPPCP acting on the Al and NECA and 
adenosine acting on the A2 receptors. 3 In the rat bladder, the 
order Df rotency of the adenosine agonists for inhibition of 
carbachol-mduced contractions was NEC .mchgt. adenosine > CPA = 
CGS 2 156:^0, and a concentration of DPCPX of 1 .mu.M was required to 
antagoniz- responses to NECA and adenosine. This suggests the 
presen-e .f A2 receptors m this tissue. ATP and AMPPCP each caused 
■z-jnti^zt± ns which were not enhanced by DPCPX (1 .mu.M) which suggests 
that in t:.is tissue AMPPCP was acting only via P2 receptors and had no PI 
agon: St a-. tivity. That AMPPCP was active on the Al receptors in the 
duodenum ijut inactive on the A2 receptors m the bladder implies that it 



has selectivity for th^^l subtype. 4 That CGS 21680, w^^h has been 
reported to bind selecJBfely to the high affinity A2a ^^lass of A2 

recept'i-rs, had a very potency on the A2 receptors i^Khe duodenum and 

in the bladder suggests that these receptors are of the low affinity 
A2b sub : lass . 

1992 
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ABSTPA'^T: T'.e t riazoloquinazoline CGS 15943 is the first reported 
nonx.^.nt- i:.e adenosine antagonist that has high affinity for 
brai^ adenosine receptors. In the present study, the binding of 

i:H]'^:43 1. 54 3 to recognition sites m rat cortical membranes was 
char ..ct-:rr. zed. Saturation experiments revealed that [3H]CGS 15943 labeled 
a single rlass of recognition sites with high affinity (Kd = 4 nM) and 
limited capacity (Bmax = 1.5 pmol/mg of protein). Competition studies 
^eveale.:; rhat the binding of [3H]CGS 15943 was consistent with the 
label invr j f brain adenosine Al receptors. Adenosine agonists 
mhibitea 1 nM [3H] CGS 15943 binding with the following order of 
activity :i6-cyclopentyladenosine (IC50 = 15 nM) > 2-chloroadenosine > 

(R) -N6-pn-^nylisopropyl adenosine > 5 ' -N6-ethylcarboxamidoadenosine > 

(S)N6-pne:-iylisopropyladenosine > CGS 21680 .dag. CV 1808 (IC50 > 10,000 
nM) . The ii.otency order for adenosine antagonists was CGS 15943 

(IC50 = 5 nM) > 8-phenyltheophylline > 

I, 3-dLpL-c}jyl-8- ( 4-amino-2-chloro) phenylxanthine > 

1, 3-LiLe*:hyl- 8-phenylxanthine > theophylline = caffeine {IC50 > 10,000 
nM) . Antagonist inhibition curves were steep and best described by 
a one-Site binding model. In contrast, adenosine Al agonist 
competition curves were shallow, as indicated by Hill coefficients less 
than unity. Computer analysis revealed that these inhibition curves were 
tiest described by a two-site binding model. Agonist competition curves 
;.ener a:.-2 in the presence of 1 mM GTP resulted in a rightward shift and 
^reef enir.;^ C' f the inhibition-concentration curves, whereas 
antagonist binding was not altered in the presence of GTP. The 
complex t inding interactions found with adenosine agonists indicate 
that [3H]CGS 15943 labels both high and low affinity components of the 
adenosine Al receptor in the rat cortex. Additionally, the present 
data also provide some evidence that [3H]CGS 15943 may also recognize an 
additional low affinity binding component, which may represent a putative 
low affinity A2b receptor in this tissue. 
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ABSTRACT: Angiogenesis, the formation of new blood vessels from preexisting 
ones, is a critical component of various pathologies such as tumor 
progression, rheumatoid arthritis, and retinopathies. Vascular 
endothelial growth factor (VEGF) is a mitogenic and chimiotactic 
factor capable of inducing angiogenesis through the activation of its 
receptors, fetal liver kinase-1 (Flk-1) and fms-like tyrosine kinase-1 
(Flt-1), expressed on endothelial cells. The purpose of the 
present study was to assess if a treatment with antisense (AS) 
oligonucleotides di^-ected against VEGF^ receptors Flk-1 or Flt-1 mRNA 
could prevent VEGF-mediated aHglogen'esrs . With the use of iniTiiOsmotic 
pumps, phosphate-buffered saline, VEGF, or VEGF combined with AS-Flk-1^ 
AS-Flt-1, or AS-scrambled oligonucleotides were released in mous^^testis 
for 14 days. VEGF (1, 2.5, and 5 mug) increased the formation of new 
capillary blood vessels by 236, 246, and 287%, respectively. The 
combination of AS-Flk-1 or AS-Flt-1 (200 mug) to VEGF (2.5 mug) reduced 
by 87 and 85% the formation of new blood vessels, respectively, and the 
expression of their corresponding proteins . These data demonstrate the 
therapeutical potential of AS-Flk-1 or AS-Flt-1 to prevent 
VEGF-mediated angiogenesis in vivo. 

2002 
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ABSTRACT: TAC-101 (4 - ( 3 , 5 -bis ( trimethylsilyl ) benzamido) benzoic acid) is a 
novel, synthetic retinoid that is effective against liver 



without exerting a direct antiangiogenic activity. 
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In this study, we investigated whether overexpression of pigment 
epithelium-derived factor (PEDF) by gene transfer can inhibit 
neovascularization by testing its effect in three different models of 
ocular neovascularization. Intravitreous injection of an adenoviral vector 
encoding PEDF resulted in expression of PEDF mRNA in the eye measured by 
RT-PCR and increased immunohistochemical staining for PEDF protein 
throughout the retina. In mice with laser- induced rupture of Bruch ' s 
membrane, choroidal neovascularization was significantly reduced after 
intravitreous injection of PEDF vector compared to injection of null vector 
or no injection. Subretinal injection of the PEDF vector resulted in 
prominent staining for PEDF in retinal pigmented epithelial 
cells and strong inhibition of choroidal neovascularization. In two 
models of retinal neovascularization (transgenic mice with 
increased expression of vascular endothelial growth factor (VEGF) in 
photoreceptors and mice with oxygen- induced ischemic retinopathy) , 
intravitreous injection of null vector resulted in decreased 
neovascularization compared to no injection, but intravitreous injection of 
PEDF vector resulted in further inhibition of neovascularization that was 
statistically significant. These data suggest that sustained increased 
intraocular expression of PEDF by gene therapy might provide a 
promising approach for treatment of ocular neovascularization. Copyright 
2001 Wiley-Liss, Inc. 
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Recent studies indicate that angiogenesis is important in the 
pathogenesis of leukemias, apart from its well-established role in solid 



c 



tumors. In this study, the possible role of angiogenesis in acute 
promyelocytic leukemia (APL) was explored. Bone marrow trephine biopsies 
from patients with APL showed significantly increased microvessel density 
and hot spot density compared with normal control bone marrow biopsies. To 
identify the mediators of angiogenesis in APL, quantitative and functional 
assays were performed using the NB4 APL cell line as a model 

system. Conditioned media (CM) from the NB4 cells strongly 
stimulated endothelial cell migration. CM from the NB4 
cells contained high levels of vascular endothelial growth 
factor (VEGF) but not basic fibroblast growth factor (bFGF) . Most 
important, the addition of neutralizing VEGF antibodies completely 
inhibited the ability of NB4 CM to stimulate endothelial cell 
migration, suggesting that APL angiogenesis is mediated by VEGF. The effect 
of all -trans retinoic acid (ATRA) on APL angiogenesis was then 
studied. ATRA therapy resulted in a decrease in bone marrow 
microvessel density and hot spot density. CM from ATRA-treated APL 
cells did not stimulate endothelial cell m.igration. 

Finally, quantitative assays showed that ATRA treatment resulted in the 

abrogation of VEGF production by the NB4 cells. These results show 

that there is increased angiogenesis and VEGF production in APL and that 

ATRA therapy inhibits VEGF production and suppresses angiogenesis. 

The addition of specific antiangiogenic agents to differentiation 

therapy or chemotherapy should be explored. (Blood. 

2001;97 :3919-3924) 



5/3,AB/32 (Item 32 from file: 155) 

DIALOG ( RlF-ile 155 : MEDLINE (R) 

11189164 21212046 PMID: 11312106 

Endogenous angiogenesis inhibitors and their therapeutic 

/ implications . 
V Cao Y 

Labor-atpry of Angiogenesis Research, Microbiology and Tumor Biology 
Center, Karolinska Institute, 3-171 11, Stockholm, Sweden, 
yihai . cao@mtc . ki , se 

international journal of biochemistry & cell biology (England) Apr 
2001, 33 (4) p357-69, ISSN 1357-2725 Journal Code: 9508482 

Document type: Journal Article; Review; Review, Tutorial 

Languages : ENGLISH 

Main Citation Owner: NLM 

Record type : Completed 

A number of endogenous inhibitors targeting the tumor vasculature have 
recently been identified using in vitro and in vivo antiangiogenesis 
models . While many of these angio^H^»i:-sHrnhibirors display a broad 
sfsectrum of biological actions on several systems in the body, several 
inhibitors including anglost^in^^en^ost^^ 

to act specifically on the ^proliferating endothelial cell 

compartment of the newly formed blood vessels. The discovery of these 
specific endothelial inhibitors not only increases our understanding 
of the functions of these molecules in the regulation of physiological and 
pathological angiogenesis, but may also provide an important 
therapeutic strategy for the treatment of cancer and other 
angiogenesis dependent diseases, including diabetic retinopathy and 
chronic inflammations. Systemic administration of these angiogenesis 
inhibitors in animals significantly suppresses the growth of a variety of 
tumors and their metastases. However, their production as functional 
recombinant proteins has been proven to be difficult. In addition, high 
dosages of these inhibitors are required to suppress tumor growth in animal 
studies . Other disadvant^ages __of- the -^ntiangiogenic protein , therapy 
include repealed ' inj'ections , prolonged^^txeatment , transmission of toxins 
^and in fe"et:i:mis particles, and high cost for manufacturing large amounts' of 
protein molecules. Thus, alternative strategies need to be developed in 
order to IrnpTOVe the clinical settings of antiangiogenic therapy. 
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Abnormal angiogenesis accompanies many pathological conditions including 
cancer, inflammation, and eye diseases. Proliferative retinopathy 
because of retinal neovascjila^i^tion^ is a leading cause of 
blindness in developed ~ countries . Another major cause of irreversible 
vision loss is retinitis pigmentosa, a group of diseases 
characterized by progressive photoreceptor \ cell degeneration. 
Interestingly, anecdotal evidence has long su^ested that proliferative 
diabetic retinopathy is rarely associated \ clij^ically with 
retinitis pigmentosa. Here we show that neonatal mi^ce with classic 
inherited retinal degeneration (Pdeb (rdl) /Pdeb (r^T) ) fail to mount 

reactive^ x«tr±TTaLlr~neovasGu-larization in a mouse model of 

oxygen- induced proliferative retinopathy . We also present a 

comparable human paradigm: sponLanepus ^regre-SSion-- -of . retinal 

neovascularization — iae^feeia.t^d-__with^long- sta^ mellitus occurs 

when retinitis pigmentosa becomes clinically evident. Both mouse and 
human^-^^dara indicate that react ive ' retinal neovascularization either 
fails to develop or regresses when the number of photoreceptor cells 
is markedly reduced. Our findings support the hypothesis that a functional 
mechani-sm underlying this anti -angiogenic, sl^at^ is failure of the predicted 
txp-regulation of vascular endothelial growth factor,, although other 
growth factars may also be involved. Preventive and therapeutic 



strategies against both proliferative and degenerative retinopathies 
may emerge from this work. 
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Interaction of intercellular adhesion molecules (ICAMs) with their 
receptors has a key role in normal leucocyte adhesion and migration, 
whereas in leukaemia this has not been well established. In this study, we 
have evaluated the roles of different adhesion molecules in normal and 
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Neovascular diseases of the retina include age-related macular 
degeneration and diabetic retinopathy, and together they comprise the 
leading causes of adult-onset blindness in developed countries. Current 
surgical, pharmaceutical, and laser therapies for age-related macular 
degeneration (AMD) rarely result in improved vision, do not significantly 
prevent neovascularization (NV) , and often result in at least some vision 
loss. To address this therapeutic gap, we determined the efficacy of 
recombinant adeno-associated viral (rAAV) serotype -2 -mediated expression of 
pigment epithelium-derived factor (PEDF) or Kringle domains 1-3 of 
angiostatin {K1K3) in reducing aberrant vessel formation in a mouse 
model of ischemia - induced retinal NV. Both PEDF and K1K3 are 
potent inhibitors of NV when injected directly, hence expression of these 
therapeutic factors from rAAV may provide long-term protection from 
neovascular eye disease. rAAV vectors expressing the therapeutic gene 
were injected into one eye of postnatal day 0 (PO) newborn mouse pups. 
Retinal NV was induced in P7 mice by exposure to elevated oxygen for 
5 days followed by room air for another five days. Retinal NV was 
quantified by the number of vascular-endothelial -cell nuclei 
above the inner- 1 imiting membrane in P17 eyes. The number of such vascular 
endothelial cell nuclei in eyes treated with rAAV-PEDF or 
rAAV-KlK3 was significantly reduced (both P < 0.0000002) compared with 
control eyes. Ocular protein levels detected by ELISA correlate well with 
the reduction in NV and confirm that expression of antineovascular agents 
from rAAV vectors may be a therapeutically useful treatment of 
retinal or choroidal neovascular disease. 
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Angiogenesis, or the formation of new vasculature out of preexisting 
capillaries, is a sequence of events that is essential in the normal 
physiological processes of tissue growth and in a broad spectrum of 
pathologies. The diseases in which angiogenesis plays a key role are 
divided into diseases that are characterized by hypoxia/ ischemia and 
diseases that are dependent on neovascularization. The f ormerpathologies 
may benefit from th^fix ^eutic ang j j-^gpTx esi s stimul ation. This review 
concentrates on the' different strategies to ilahTETt angiogenesis in 
diseases that are characterized by excessive angiogenesis, for example, 
cancer, arthritis, diabetic retinopathy, and inflammatory diseases. 
These diseases are dependent on the development of newvasculature , and 
hence, a large variety of different strategies to inhibit angiogenesis are 
underwayin laboratories throughout the world. At present, over250 



display activity in m vivo m odel s^. . A^TaT^T ^ pe ic ehEage of tEese 
molecules ^ aTf^Tra^tUr a 1 , nonlTaTTuraT , or synthetic so-called small molecules. 
Other^-^ar£_iif._prQt£in origin, either endogenous or exogenous ^by nature . The 
authors highlight the'^^curr^entn^howTedge on tKe development of angiostatic 
proteins and peptides and their potential in the treatment of disease. 
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PURPOSE: Several pharmacologic treatments have been shown to reduce 
ocular neovascularization when administered before the onset of angiogenic 
stimuli, but none have been shown to cause regression of already 
established ocular neovascularization. In this study, the authors tested 
the effect of adenoviral vectored pigment epithelium-derived factor (PEDF) 
gene transfer on established neovascularization in transgenic mice with 
expression of vascular endothelial growth factor (VEGF) in 
photoreceptors (rho/VEGF mice) and in a model of choroidal 
neovascularization. METHODS: Two weeks after the onset of VEGF transgene 
expression in rho/VEGF mice or 2 weeks after laser- induced rupture of 
Bruch ' s membrane in wild-type mice, subgroups of mice were killed, and the 
baseline amount of neovascularization was measured by image analysis. The 
remainder of the mice received an intravitreous or subretinal injection of 
adenoviral vector containing a PEDF expression construct (AdPEDF.ll) or 
control vector (AdNull.ll). RESULTS: Seven days after injection in rho/VEGF 
mice or 10 days after injection in the choroidal neovascularization 
model , the amount of neovascularization in AdPEDF . 11 - inj ected eyes 
was significantly less than the baseline level, indicating that regression 
of neovascularization had occurred. There was TUNEL staining within 
choroidal neovascular lesions in eyes injected with AdPEDF.ll. Eyes given a 
subretinal injection of AdNull.ll had TUNEL -positive cells in the 
retina , but none within areas of choroidal neovascularization. 
CONCLUSIONS: These data indicate that increased expression of PEDF causes 
regression of ocular neovascularization by promoting apoptosis of 
cells within neovascular lesions and possibly represents a new 
treatment paradigm for patients with established ocular neovascularization. 
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The high-affinity 67-kd laminin receptor (67LR) is expressed by 
proliferating endothelial cells during retinal 

neovascularization. The role of 67LR has been further examined 
experimentally by administration of selective 67LR agonists and antagonists 
in a murin^__mgdei— Q^-^iJi^^^^^'-Li^xa^v These synthetic 

67LR "~^igands have been previously shown to stimulate or inhibit 
endothelial cell motility in vitro without any direct effect on 
proliferation. In the present study, a f luorescently labeled 67LR 
antagonist (EGF(33-42)) was injected intraperitoneal ly into mice and its 
distribution in the retina was assessed by confocal scanning laser 
microscopy. Within 2 hours this peptide was localized to the retinal 
vasculature, including preretinal neovascular complexes, and a significant 
amount had crossed the blood retinal barrier. For up to 24 hours 
postinjection, the peptide was still present in the retinal vascular 
walls and, to a lesser extent, in the neural retina. Non-labeled 
EGF (33-42) significantly inhibited pre-retinal neovascularization in 
comparison to controls treated with phosphate-buffered saline or scrambled 
peptide (P < 0.0001). The agonist peptide (Lam beta 1(925-933)) also 
significantly inhibited proliferative retinopathy; however, it caused 
a concomitant reduction in retinal ischemia in this model by 
promoting significant revascularization of the central retina (P < 
0.001). Thus, 67LR appears to be an important target receptor for the 
modulation of retinal neovascularization. Agonism of this receptor 
may be valuable in reducing the hypoxia-stimulated release of angiogenic 
growth factors which drives retinal angiogenesis . 
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Advanced glycation end products (AGEs) have been thought to participate 
in diabetic microangiopathy. However, the effects of AGEs on angiogenesis 
have so far been mainly examined either in vitro or by using cultured 
cells . In the present study, we have analyzed whether AGEs induce 
angiogenesis in vivo by using the chorioallantoic membrane (CAM) assay. The 
CAM assay was carried out in embryonated hen eggs to determine the effects 
of AGEs. Following generation of AGEs based on bovine serum albumin (BSA) , 
either AGE-BSA or nonglycated BSA was administered to the CAM and their 
effects on angiogenesis were assessed, together with an inhibitory effect 
of an anti-AGE antibody against AGE-BSA- induced angiogenesis. The 
histological features of AGE-induced vascular lumens were examined by 
immunohistochemical analysis for Factor VIII and smooth muscle alpha-actin. 
AGE-BSA induced angiogenesis in CAM in a dose- and time-dependent manner. 
AGE-induced angiogenesis on CAM was neutralized by the anti-AGE antibody. 
Immunohistochemical analysis demonstrated that AGE-induced vascular lumens 
were devoid of pericytes . Our data demonstrated that AGEs are an 
angiogenetic factor and that our system of AGE-induced abnormal vessels in 
CAMS is useful in further investigations of the mechanism of diabetic 
retinal angiogenesis and can also be used to provide a 
therapeutic model for diabetic angiopathy. 
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TAC-101 (4- [3 , 5-bis (trimethylsilyl) benzamido] benzoic acid) is a novel, 
synthetic retinoid that is effective against liver metastases of 
human gastrointestinal cancer cells such as the human stomach 
carcinoma line AZ-521 in animal models, and is currently in use in 
phase I cancer trials. However, the mechanism of its ant imetastatic action 
is still poorly understood. Tumor metastasis depends on angiogenesis, and 
various retinoids have been found to exhibit antiangiogenic activity. 
Based on these findings we here examined the antiangiogenic effects of 
TAC-101. Oral administration of TAC-101 (2-8 mg/kg/day) resulted in a 
drastic suppression of the A2-521 cell-induced angiogenesis in a 
mouse dorsal air sac assay system, compared to the vehicle alone. 
Immunohistochemical analysis with antibody against the endothelial 
marker CD31 revealed a significant reduction in microvessel density in 
liver metastases from animals treated with TAC-101 (8 mg/kg p.o.), compared 
to liver metastases from the untreated control animals. The ability of 
TAC-101 (8 mg/kg p.o.) to prevent experimental liver metastasis of AZ-521 
cells in athymic nude mice was comparable with that of the known 
angiogenesis inhibitor TNP-470 (30 mg/kg s.c). TAC-101 also affected 
angiogenesis in chorioallantoic membranes and some functions of 
endothelial cells associated with angiogenesis, whereas the 
retinoid failed to suppress AZ-521 cell proliferation directly. 
These data suggest that the TAC-101 is an orally active antiangiogenic 
agent and that this antiangiogenic property may contribute to its efficacy 
against liver metastasis of human stomach cancer cells. 
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Retinal angiogenesis is a central feature of the leading causes of 
blindness. Current treatments for these conditions are of limited efficacy 
and cause significant adverse effects. In this study, we evaluated the 
angiostatic effect of gene transfer of the soluble VEGF receptor sFlt-1 in 
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Vascular endothelial growth factor (VEGF) is a potent 
endothelial cell -specific mediator of angiogenesis and 
vasculogenesis . VEGF is involved pathologically in cancer, proliferative 
retinopathy and rheumatoid arthritis, and as such represents an 
important therapeutic target. Three classes of disulfide - constrained 
peptides that antagonize binding of the VEGF dimer to its receptors, KDR 
and Flt-1, were identified previously using phage display methods. NMR 
studies of a representative peptide from the most potent class of these 
peptide antagonists, vl07 (GGNECDAIRMWEWECFERL) , were undertaken to 
characterize its interactions with VEGF. vl07 has no defined structure free 
in solution, but binding to VEGF induces folding of the peptide. The 
solution structure of the VEGF receptor-binding domain-vl07 complex was 
determined using 3940 (1970 per VEGF monomer) internuclear distance and 476 
(238 per VEGF monomer) dihedral angle restraints derived from NMR data 
obtained using samples containing either { 13 ) C/ ( 15 ) N- labeled protein plus 
excess unlabeled peptide or ( 13 ) C/ ( 15 ) N- labeled peptide plus excess 
unlabeled protein. Residual dipolar coupling restraints supplemented the 
structure determination of the complex and were found to increase 
significantly both the global precision of VEGF in the complex and the 
agreement with available crystal structures of VEGF. The calculated 
ensemble of structures is of high precision and is in excellent agreement 
with the experimental restraints. vl07 has a turn-helix conformation with 
hydrophobic residues partitioned to one face of the peptide and polar or 
charged residues at the other face. Contacts between two vl07 peptides and 
the VEGF dimer are mediated by primarily hydrophobic side-chain 
interactions. The vl07 -binding site on VEGF overlaps partially with the 
binding site of KDR and is similar to that for domain 2 of Flt-1. The 
structure of the VEGF-vl07 complex provides new insight into how binding to 
VEGF can be achieved that may be useful for the design of small molecule 
antagonists. Copyright 2002 Elsevier Science Ltd. 
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PURPOSE: To determine the effect of pigment epithelium-derived factor 
(PEDF) in a mouse model of ischemia- induced retinal 

neovascularization and on vascular endothelial growth factor 
(VEGF) --induced migration and growth of cultured microvascular 
endothelial cells . METHODS: Human recombinant PEDF was 
expressed in the human embryonic kidney 293 cell line and purified by 
ammonium sulfate precipitation and cation exchange chromatography. C57BL/6 
mice were exposed to 75% oxygen from postnatal day {P)7 to P12 and then 
returned to room air. Mice received intravitreal injections of 2 microg 
PEDF in one eye and vehicle in the contralateral eye on P12 and P14 . At 
P17, mice were killed and eyes enucleated for quantitation of retinal 
neovascularization. The mitogenic and motogeneic effects of VEGF on 
cultured bovine retinal and adrenal capillary endothelial 
cells were examined in the presence or absence of PEDF, using 
cell counts and migration assays. RESULTS: Two species of human 
recombinant PEDF, denoted A and B, were purified to apparent homogeneity. 
PEDF B appeared to comigrate on SDS-PAGE with PEDF from human vitreous 
samples. Changes in electrophoretic mobility after peptide -N-glycosidase F 
(PNGase F) digestion suggest that both PEDF forms contain N-linked 
carbohydrate. Analyses of the intact proteins by liquid 
chromatography-electrospray mass spectrometry (LC-ESMS) revealed the major 
molecular weight species for PEDF A (47,705 +/- 4) and B (46,757 +/- 5). 
LC-ESMS analysis of tryptic peptides indicated that PEDF A and B exhibit 
differences in glycopeptides containing N-acetylneuraminic acid (NeuAc) and 
N-acetylhexosamine (HexNAc) . Intravitreal administration of either species 
of PEDF significantly inhibited retinal neovascularization (83% for 
PEDF A and 55% for PEDF B; P = 0.024 and 0.0026, respectively). PEDF A and 
B (20 nM) suppressed VEGF-induced retinal microvascular 
endothelial cell proliferation by 48.8% and 41.4%, 
respectively, after 5 days (P < 0.001) and VEGF-induced migration by 86.5% 
+/- 16.7% and 78.1% +/- 22.3%, respectively, after 4 hours (P = 0.004 and P 
0.008, respectively). CONCLUSIONS: These data indicate that elevated 
concentrations of PEDF inhibit VEGF-induced retinal endothelial 

cell growth and migration and retinal neovascularization. 
These findings suggest that localized administration of PEDF may be an 
effective approach for the treatment of ischemia - induced retinal 

neovascular disorders. 
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Human low-grade gliomas represent a population of brain tumors that 
remain a therapeutic challenge. Preclinical evaluation of agents, to 
test their preventive or therapeutic efficacy in these tumors, 
requires the use of animal models. Spontaneous gliomas develop in 
models of chemically induced carcinogenesis, such as in the 
transplacental N-ethy 1 -N-nitrosourea (ENU) rat model . However, 




without the ability to detect initial tumor formation, multiplicity or to 
measure growth rates, it is difficult to test compounds for their 
interventional or preventional capabilities. In this study Fisher-334 rats, 
treated transplacentally with ENU, underwent magnetic resonance imaging 
(MRI) examination in order to evaluate this approach for detection of tumor 
formation and growth. ENU- induced intracranial cerebral tumors were first 
observable in T2-weighted images beginning at 4 months of age and grew with 
a mean doubling time of 0.487 +/- 0.112 months. These tumors were found 
histologically to be predominately mixed gliomas. Two therapeutic 
interventions were evaluated using MRI, vitamin A (all-trans retinol 
palmitate, RP) , as a chemopreventative agent and the anti -angiogenic drug 
SU-5416. RP was found to significantly delay the time to first tumor 
observation by one month (P = 0.05). No differences in rates of tumor 
formation or growth rates were observed between control and RP-treated 
groups. MRI studies of rats treated with SU-5416 resulted in reduction in 
tumor growth rates compared to matched controls. These results show that 
MRI can be used to provide novel information relating to the 
therapeutic efficacy of agents against the ENU- induced tumor 
model . 
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Experimental herpesvirus retinopathy presents a unique model 
of a transient inflammatory response in the virus - inj ected eye and 
subsequent acute retinal necrosis and chronic inflammation in the 
contralateral eye. For 6 days after infection, VEGF, TGFbetal, and TGFbeta2 
were associated only with inflammatory cells in the injected eye. By 
6 days (after viral antigens were no longer detected) , VEGF and TGFbeta2 
were upregulated in retinas ___of__ijij.ected eyes until 8-10 days. In 
contralateral eyes, VEdF^w'as' first demonstrated in the retina at 6-7 
days (prior to the appearance of viral antigens) and TGFbeta2 at 7-8 days. 
Staining for these factors was also evident around areas of necrosis. The 
VEGF receptor, flt-1, was associated with ganglion cells and the 
inner nuclear layer of normal and experimental mice and it was also 
demonstrated around areas of necrosis. Another VEGF receptor, flk-1, was 
localized to Muller cell processes and the outer plexiform layer in 
normal and experimental mice. Coincident with VEGF upregulation in the 
retinas of herpesvirus - 1 injected mice, there was increased flk-1 in 
ganglion cells and the inner and outer nuclear layers. IL-6 was 
associated with Muller cell endfeet in normal mice. Following 
unilateral intraocular inoculation, IL-6 spread along the MUller cell 
processes and some astrocytes demonstrated IL-6 in both eyes at 6-8 days. 
The present study demonstrates that intraocular inoculation of herpesvirus 
is sufficient to induce VEGF, flk-1, TGFbeta2 , and IL-6 in the 
retinas of injected and contralateral eyes. Further investigation of 
common signaling pathways for these factors during responses to viral 




infection and the development of acute retinal necrosis could provide 
information useful for therapeutic intervention in human herpesvirus 
retinopathy . 
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Diabetes mellitus is a major cause of peripheral neuropathy, commonly 
manifested as distal symmetrical polyneuropathy. This review examines 
evidence for the importance of vascular factors and their metabolic 
substrate from human and animal studies. Diabetic neuropathy is associated 
with risk factors for macrovascular disease and with other microvascular 
complications such as poor metabolic control, dyslipidaemia , body mass 
index, smoking, microalbuminuria and retinopathy. Studies in human 
and animal models have shown reduced nerve perfusion and endoneurial 
hypoxia. Investigations on biopsy material from patients with mild to 
severe neuropathy show graded structural changes in nerve microvasculature 
including basement membrane thickening, pericyte degeneration and 
endothelial cell hyperplasia. Arterio-venous shunting also 
contributes to reduced endoneurial perfusion. These vascular changes 
strongly correlate with clinical defects and nerve pathology. Vasodilator 
treatment in patients and animals improves nerve function. Early vasa 
nervorum functional changes are caused by the metabolic insults of 
diabetes, the balance between vasodilation and vasoconstriction is altered. 
Vascular endothelium is particularly vulnerable, with deficits in the major 
endothelial vasodilators, nitric oxide, endothelium-derived 
hyperpolarising factor and prostacyclin. Hyperglycaemia and dyslipidaemia 
driven oxidative stress is a major contributor, enhanced by advanced 
glycation end product formation and polyol pathway activation. These are 
coupled to protein kinase C activation and omega-6 essential fatty acid 
dysmetabolism . Together, this complex of interacting metabolic factors 
accounts for endothelial dysfunction, reduced nerve perfusion and 
function. Thus, the evidence emphasises the importance of vascular 
dysfunction, driven by metabolic change, as a cause of diabetic neuropathy, 
and highlights potential therapeutic approaches, 
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Overexpression of vascular endothelial growth factor (VEGF) has 
been strongly implicated in the development of choroidal neovascularization 
(CNV) in patients with age-related macular degeneration. In this study, a 
phosphorothioate oligonucleotide (PS-oligo) targeting both human and rat 
VEGF (165) genes upstream of the translation initiation code, named DS135 in 
this study, was evaluated for its uptake dynamics and retinal 
tolerance after intravitreal (IV) and subretinal (SR) injections in the 
rhesus monkey. Intravitreal and SR injections of a fluorescent - labeled 
DS135 (FL-DS135) resulted in both dose- and time -dependent uptake and 
persistence, and FL-DS135 remained detectable in the retina for at 
least 3 weeks after injection. Ophthalmic examination showed transient 
vitreous haze after IV delivery of a high dose but not with a low dose of 
FL-DS135. Histologic examination showed no evidence of retinal 
degeneration with respect to IV delivery. After SR delivery, however, 
dose-related cellular infiltration, transient residual fluid, and 
slight distortion of the neuroretina were observed. The biologic efficacy 
of DS135 was further assessed in a laser- induced CNV model, and 
development of CNV was determined by fluorescein angiography and histologic 
examination. Incomplete inhibition of CNV formation was observed after IV 
and SR injection of DS135, but no statistically significant difference was 
achieved when compared with dose-matched control of PS-oligo. Analysis of 
fluorescein angiogram and histologic examination showed less than 30% 
incidence of CNV development in this monkey model . Our study 
demonstrated that PS-oligos can be successfully introduced into the 
retina , although with potential limitations, after SR delivery. 
DS135, a PS-oligo targeting the VEGF gene upstream of the translation 
initiation code, partially inhibited CNV formation. An improved CNV 
model is necessary for further confirmation of the full 
therapeutic potency of DS135 before clinical application. 
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PURPOSE: To demonstrate the selective localization of the hydrophilic 
photosensitizer mono-L-aspartyl chlorin e6 (NPe6) in experimental choroidal 
neovascularization in nonhuman primate eyes. METHODS: Sixty-seven 
experimental choroidal neovascular lesions (CNV) were created in the fundi 
of Macaca monkeys using the modified Ryan's model and documented by 
fluorescein and indocyanine green angiography. To determine the 
biodistribution of NPe6 and the optimal timing of laser irradiation after 
dye administration, NPe6 angiography and fluorescence microscopy with NPe6 
were performed. Photodynamic therapy (PDT) was performed at various 
dye doses (0.5-10.0 mg/kg) and laser fluences (7.5-225.0 J/cm2) on the CNV 
and on 10 areas of normal retina and choroid. Treatment outcomes were 
assessed by fluorescein and indocyanine green angiography and confirmed by 
light and electron microscopy. RESULTS: NPe6 fluorescence microscopy 
demonstrated intense fluorescence of CNV and retinal pigment 




epithelial cells. Choroidal vessel walls and outer retina 

adjacent to CNV fluoresced moderately; retinal vessel walls and 
microcapillaries had trace fluorescence. The fluorescence of CNV lesions on 
fluorescein angiography became stronger than that of retinal vessels 
20-60 minutes after dye injection. Choroidal neovascular lesion closure was 
achieved with NPe6 PDT without significant damage to the sensory 
retina. Histology demonstrated necrosis of CNV endothelial 
cells with minimal damage to surrounding tissues. CONCLUSIONS: NPe6 
PDT selectively localizes to experimental CNV in nonhuman primates, 
resulting in occlusion of CNV with sparing of the neurosensory retina 
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PURPOSE: Bactericidal/permeability-increasing protein (BPI) , an 
antibacterial and lipopolysaccharide-neutralizing protein, also has an 
antiangiogenic effect. To evaluate the therapeutic role of BPI in 
ischemic retinopathies , the antiangiogenic activity of a human 
recombinant 21-kDa modified N-terminal fragment of BPI (rBPI (21) ) , which 
has the biological properties of the holoprotein, and a peptidomimetic 

(XMP.Z) derived from BPI were examined. METHODS: The effects of rBPI (21) 
and XMP.Z on VEGF- induced growth of bovine ret iii al microvascu lar 
endothelial cells (BRECs) and on serum- induced growth of bovine 

retinal -^crfcyFe s (BRPs) and retinal pigment epithelial 

cells (BRPECs) were evaluated by determining total DNA content. The 
neonatal mouse model of retinopathy of prematurity (ROP) was 
used to study the effect of XMP.Z in vivo. Intraperitoneal injections of 
the peptidomimetic (10 mg/kg) were administered every 24 hours for 5 days 

(postnatal [P]12-P17) during induction of neovascularization. Retinal 
neovascularization was evaluated using flatmounts of 

f luorescein-dextran-perfused retinas and quantitated by counting 
retinal cell nuclei anterior to the internal limiting membrane. 
RESULTS. VEGF (25 ng/mL) increased the total DNA per well of BRECs by 120% 
+ /- 50% (P < 0.001), which was inhibited by addition of rBPI (21) or XMP.Z, 
with decreases of 77% +/- 15% (P < 0.05) and 107% +/- 19% (P < 0.01) at 
maximum effective doses of 75 and 15 microg/mL rBPI (21) and XMP.Z, 
respectively. In contrast, rBPI (21) at 75 microg/mL enhanced the total DNA 
per well of BRP 53% +/- 14% (P < 0.001) in the presence of 5% fetal bovine 
serum (FBS) , whereas XMP.Z enhanced BRP growth by 27% +/- 7% (P < 0.001) at 
5 microg/mL. In the presence of 10% FBS, rBPI (21) and XMP.Z increased BRP 
growth by 91% +/- 35% (P < 0.001) and 43% +/- 18% (P < 0.01), respectively. 
In the oxygen- induced ROP neonatal mouse model, retinal 
neovascularization was decreased by 40% +/- 16% (n = 5, P < 0.01) when 
animals were treated with XMP.Z. CONCLUSIONS: Two BPI -derived compounds, 
rBPI (21) and XMP.Z, significantly suppressed VEGF-induced BREC growth in 
vitro, while conversely enhancing the growth of BRPs, even above that 
induced by 20% FBS. When tested in animals, XMP.Z also suppressed 




ischemia-induced retinal neovascularization in mice. These data 
suggest that BPI -derived compounds may have unique therapeutic 
potential for proliferative retinal diseases such as diabetic 
retinopathy , if physiological levels can be achieved in clinical 
settings . 
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BACKGROUND: We have previously demonstrated the in vivo uptake of 
oligonucleotides in the rat eye and have continued with experiments to look 
at the effectiveness of targeted oligonucleotide sequences. Vascular 
endothelial growth factor (VEGF) is correlated with new blood vessel 
formation and has been implicated in numerous eye diseases characterised by 
abnormal blood vessel proliferation. An oligonucleotide targeted to the 
VEGF sequence was examined for its effect on VEGF production in vitro and 
the development of choroidal neovascularisation in vivo in the eye. 
METHODS: A series of sequences were assessed in an in vitro screening 
system using retinal pigment epithelial (RPE) cells to 
demonstrate a reduction in VEGF. A targeted sequence was further 
investigated using an animal model of choroidal neovascularisation 
where a krypton laser was used to produce a wound healing response in the 
choroid and retina . The oligonucleotide was injected into the 
vitreous and the development of choroidal neovascularisation assessed using 
fluorescein angiography. RESULTS: The targeted sequence was shown in vitro 
to downregulate the VEGF produced by RPE cells grown under hypoxic 
conditions and when injected into laser treated eyes was shown to be 
preferentially taken up in the laser lesion. Fluorescein angiography 
demonstrated that the test oligonucleotide was successful in reducing 
laser-mediated choroidal neovascularisation. CONCLUSIONS: A sequence 
corresponding to the 5 ' UTR of the VEGF gene has provided encouraging 
results for the treatment of neovascularisation. 
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The potential to block tumor growth by inhibition of the neoangiogenic 




process represents an intriguing approach to the treatment of solid tumors. 
The high proliferation rate in the tumor deprived of proper vascularization 
would be balanced by cell death due to lack of diffusion of nutrients 
and oxygen. Matrix metalloproteinases (MMPs) , angiogenic growth factors, 
and their receptors are the main targets of an increasing number of 
clinical trials approved to test the tolerance and therapeutic 
efficacy of antiangiogenic agents. We observed that a series of substances 
proposed as possible cancer chemopreventive agents show antiangiogenic 
properties when tested in in vitro and in vivo angiogenesis models. 
We demonstrated that N-acetyl - 1 -cysteine is able to reduce the invasive and 
metastatic potential of melanoma cells, and to inhibit 
endothelial cell invasion by direct inhibition of MMP activity. 
We also showed that epigallocatechin gallate (EGCG) , a f lavonoid from green 
tea that possesses chemopreventive activity in experimental and 
epidemiological studies, is a potent inhibitor of MMP-2 and MMP-9. 
Angiogenesis has also been demonstrated to be a target for nonsteroidal 
anti - inflammatory drug chemopreventive activity. Based on these data, we 
hypothesize that other chemopreventive agents, including natural or 
synthetic retinoids , steroid hormone antagonists, peroxisome 
prolif erator-activated receptor gamma ligands, vitamin D, and protease 
inhibitors, might have antiangiogenesis as an important mechanism of 
action, a novel concept we will term ' angioprevention ' . We analyze the 
mechanisms on how and why chemopreventive agents could exert antiangiogenic 
effects aimed at controlling tumor growth, and their potential use in the 
clinic . 
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The ubiquitously found beta-amino acid taurine has several physiological 
functions, e.g. in bile acid formation, as an osmolyte by cell volume 
regulation, in the heart, in the retina , in the formation of 
N-chlorotaurine by reaction with hypochlorous acid in leucocytes, and 
possibly for intracellular scavenging of carbonyl groups. Some animals, 
such as the cat and the C57BL/6 mouse, have disturbances in taurine 
homeostasis. The C57BL/6 mouse strain is widely used in diabetic and 
atherosclerotic animal models . In diabetes, the high extracellular 
levels of glucose disturb the cellular osmoregulation and sorbitol is 
formed intracellularly due to the intracellular polyol pathway, which is 
suspected to be one of the key processes in the development of diabetic 
late complications and associated cellular dysfunctions. 
Intracellular accumulation of sorbitol is most likely to cause depletion of 
other intracellular compounds including osmolytes such as myo-inositol and 
taurine. When considering the clinical complications in diabetes, several 
links can be established between altered taurine metabolism and the 
development of cellular dysfunctions in diabetes which cause the 
clinical complications observed in diabetes, e.g. retinopathy , 
neuropathy, nephropathy, cardiomyopathy, platelet aggregation, 

endothelial dysfunction and atherosclerosis. Possible 

therapeutic perspectives could be a supplementation with taurine and 
other osmolytes and low-molecular compounds, perhaps in a combinational 




therapy with aldose reductase inhibitors. Copyright 2001 John Wiley & 
Sons, Ltd. 
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PURPOSE: The role of adenosine receptor (AdoR) antagonists in human 
retinal endothelial cell function in vitro has previously 

been determined. In this study, efficacy of AdoR antagonist administration 
in reducing retinal neovascularization was examined in a mouse pup 
model of oxygen- induced retinopathy . METHODS: A previously 
described model of oxygen- induced retinal neovascularization in 
newborn mouse pups was used to examine the effect of various AdoR 
antagonists on neovascularization. The nonselective AdoR antagonist 
xanthine amine congener (XAC) , the A(2A) -selective antagonist ZM241385, the 
A (2B) - selective antagonists 3 -N-propylxanthine (enprof ylline) and 
3 -isobutyl - 8 -pyrrolidinoxanthine (IPDX), and the A ( 1) - selective antagonist 
cyclopentyl - 1 , 3 -dipropylxanthine (CPX) were used. After the hyperoxia 
exposure the animals received daily intraperitoneal injections of 
pharmacologically relevant doses of AdoR antagonists for 5 days. Control 
animals received vehicle (0.1% dimethyl sulfoxide [DMSO] ) alone. The 
animals were then killed and perfused with f luorescein-dextran . Wholemounts 
of retinas from one eye were prepared and examined, whereas the 
retinas of the contralateral eye were embedded, sectioned, and 
stained for counting neovascular nuclei extending beyond the internal 
limiting membrane into the vitreous. RESULTS: Angiography of wholemount 
retinas showed reduction of neovascular tufts in animals treated with 
selective A(2B) AdoR antagonists. Quantification of the extraretinal 
neovascular nuclei showed that only animals treated with XAC, enprof yll ine , 
or IPDX showed a significant reduction in retinal neovascularization. 
By contrast, neither CPX nor ZM241385 had an effect on neovascularization, 
CONCLUSIONS: The A (2B) - select ive AdoR antagonists inhibited oxygen- induced 
retinal neovascularization in vivo and may provide a basis for 
developing pharmacologic therapies for the treatment of proliferative 
retinopathies . 
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Retinoids are a class of natural or synthetic compounds that 
participate in the control of cell proliferation, differentiation and 
fetal development. The synthetic retinoid fenretinide (HPR) inhibits 
carcinogenesis in various animal models. Retinoids have also 
been suggested to be effective inhibitors of angiogenesis . The effects of 
HPR on certain endothelial cell functions were investigated in 
vitro, and its effects on angiogenesis was studied in vivo, by using the 
chorioallantoic membrane (CAM) assay. HPR inhibited vascular 
endothelial growth factor- (VEGF-) and fibroblast growth factor-2- 
(FGF-2) -induced endothelial cell proliferation without 
affecting endothelial motility; moreover, HPR inhibited growth 
factor-induced angiogenesis in the CAM assay. Furthermore, a significant 
antiangiogenic potential of HPR has also been observed in neuroblastoma 
(NB) biopsy- induced angiogenesis in vivo. We previously demonstrated that 
supernatants derived from NB cell lines stimulated endothelial 
cell proliferation. In the present study, we found that this effect 
was abolished when NB cells were incubated in the presence of HPR. 
VEGF- and FGF- 2 - specif ic ELISA assays, performed on both NB cells 
derived from conditioned medium and cellular extracts, indicated no 
consistent effect of HPR on the level of these angiogenic cytokines. 
Moreover, RT-PCR analysis of VEGF and FGF-2 gene expression confirmed the 
above lack of effect. HPR was also able to significantly repress the 
spontaneous growth of endothelial cells, requiring at least 
48-72 hr of treatment with HPR; followed by a progressive accumulation of 
cells in G(l) at sulDsequent time points. Finally, 
immunohistochemistry experiments performed in the CAM assay demonstrated 
that endothelial staining of both VEGF receptor 2 and FGF-2 
receptor-2 was reduced after implantation of HPR-loaded sponges, as 
compared to control CAMs . These data suggest that HPR exerts its 
antiangiogenic activity through both a direct effect on endothelial 
cell proliferative activity and an inhibitory effect on the 
responsivity of the endothelial cells to the proliferative 
stimuli mediated by angiogenic growth factors. Copyright 2001 Wiley-Liss, 
Inc . 
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There is currently intense interest in the development of gene 
therapy for cardiovascular disease. The stimulation of 
therapeutic angiogenesis for ischemic heart disease has been one of 
the areas of greatest promise. Encouraging results have been obtained with 
the angiogenic cytokines vascular endothelial growth factor (VEGF) 
and basic fibroblast growth factor in animal models, leading to 
clinical trials in ischemic heart disease. VEGF also has therapeutic 
potential in a second area of cardiovascular gene therapy, the 
enhancement of arterioprotect ive endothelial functions to prevent 
postangioplasty restenosis and bypass graft arteriopathy . The 




endothelial cell growth and survival functions of VEGF promote 
endothelial regeneration, whereas VEGF- induced endothelial 

production of NO and prostacyclin inhibits vascular smooth muscle 
cell proliferation. Inhibition of neointimal hyperplasia may also be 
achieved by gene transfer of endothelial NO synthase (eNOS) , PGI 
synthase, or cell cycle regulators (retinoblastoma, cyclin or 
cyclin-dependent kinase inhibitors, p53, growth arrest homeobox gene, fas 
ligand) or antisense oligonucleotides to c-myb, c-myc, proliferating 
cell nuclear antigen, and transcription factors such as nuclear 
factor kappaB and E2F. An improved understanding of etiologically complex 
pathologies involving the interplay of genes and the environment, such as 
atherosclerosis and systemic hypertension, has led to the identification of 
new targets for gene therapy , with the potential to alleviate 
inherited genetic defects such as familial hypercholesterolemia. The use of 
vasodilator gene overexpression and antisense knockdown of vasoconstrictors 
to reduce blood pressure in animal models of systemic and pulmonary 
hypertension offers the prospect of gene therapy for human 
hypertensive disease. The renin-angiotensin system has been the target of 
choice for antihypertensive strategies because of its wide distribution and 
additional effects on fibrinolytic and oxidative stress pathways. Gene 
therapy in cardiovascular disease has an exciting future but remains 
at an early stage. Further developments in gene transfer vector technology 
and the identification of additional target genes will be required before 
its full therapeutic potential can be realized. 
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All -trans retinoic acid (ATRA) has been introduced to the 
management of acute promyelocytic leukemia (APL) as a differentiation 
treatment. This drug not only causes complete remission, but also improves 
disseminated intravascular coagulation (DIC) without adding anticoagulants 
in APL. We have attempted to determine whether ATRA is effective against 
DIC in rat models induced by tissue factor (TF) or 1 ipopolysaccharide 
(LPS) , because the anticoagulant effect of ATRA has been considered to 
induce thrombomodulin upregulation and TF downregulation on 
endothelial cells as well as on APL cells. In male Wistar 

rats, DIC was induced by a 4-h infusion of thromboplastin (3.75 U/kg) or 
lipopolysaccharide (30 mg/kg) . The rats were given ATRA orally each day at 
a dose of 100 mg/kg per day for 1 week before the injection of TF or LPS in 
ATRA treatment groups, or given low molecular weight heparin (LMWH) 10 min 
before the injection of TF or LPS (200 U/kg, bolus intravenously) in LMWH 
treatment groups. No significant changes in hemostatic parameters or 
markers of organ dysfunction were caused by the ATRA administration, while 
DIC was significantly improved by LMWH in the TF-induced model. DIC 
was significantly improved by both ATRA and LMWH in the LPS-induced 
model. These findings suggested that ATRA was useful for treating DIC 
only in the LPS-induced model , and that drug efficacy should be 




carefully assessed because the agents used to induce DIC considerably 
influenced the outcome. 
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The expression of alphav- integrins is highly selective for angiogenic 
endothelial cells ; ligation inhibition by cyclic RGD peptides 
prevents pathological neovascularization in tumor or retinopathy 
models to a large extent. We have previously demonstrated that 
proliferative retinopathy in a mouse model of retinopathy 

of prematurity (ROP model ) can be reduced by more than 70%. To 
minimize systemic side effects and unwanted interference with responsive 
angiogenesis , we investigated topical application of cyclic RGD-pept ides . 
In preliminary experiments, we could exclude any inhibiting effects of the 
carrier solution containing EDTA, Na2S, mannitol, hydroxyethyl starch, and 
benzalconium chloride on the inhibitory effect of cyclic RGD peptides. 
Retinal presence of small molecular-mass integrin antagonists after 
topical application was confirmed using fluorescein- labeled cyclic RGD 
peptide. Topical application of the peptide to the eye inhibited 
proliferative retinopathy in a dose -dependent fashion with a maximum 
of almost 50%. These results suggest that small molecular-mass peptide 
antagonists of alphav-type integrins are efficient in inhibiting 
proliferative retinopathy by topical application. 
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AIMS/HYPOTHESIS: Plasminogen kringle 5 is an endogenous angiogenic 
inhibitor. The purpose of the present study was to explore the potential 
application of kringle 5 in the treatment of retinal 
neovascularization. METHODS: Plasminogen kringle 5 was expressed in E. coli 
and affinity-purified. Its ant i -angiogenic activity was determined in 
cultured primary human capillary endothelial cells. 
Retinal neovascularization was induced in newborn rats by exposure to 
hyperoxia and then normoxia. Kringle 5 was intravitreally injected into the 



rat model. Retinal neovascularization was visualized by 
fluorescein angiography on flat -mounted retina and quantified by 
counting preretinal vascular cells. RESULTS: Plasminogen kringle 5 
inhibited primary endothelial cells but not retinal 

neuronal cells, suggesting cell type - speci f ic inhibition. The 
oxygen- induced retinopathy rat model showed an over-expression 
of vascular endothelial growth factor, preretinal neovascularization 
and haemorrhage. Intravitreal injection of kringle 5 before the development 
of neovascularization resulted in fewer neovascular tufts and pre- 
retinal vascular cells than in control rats with PBS injection 
(p < 0.01) . Moreover, injection of kringle 5 after the development of 
neovascularization inhibited the increase in the preretinal vascular 
cells (p < 0.05). These results suggest that kringle 5 both prevents 
the development and arrests the progression of retinal 
neovascularization. The injection of kringle 5 did not result in any 
detectable inflammatory response in the retina or histological 
toxicity to retina neurons and pre-existing vessels. 
CONCLUSION/ INTERPRETATION: These observations suggest that intravitreal 
delivery of angiogenic inhibitors could have therapeutic benefits in 
neovascular diseases of the retina. 
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Expression of anti -apoptot ic or neurotrophic transgene proteins in 
hypoxic neurons may provide a novel therapeutic strategy for 
neuroprotection and alleviation of damage to ischemic brain areas. NT2 , a 
human neoplastic cell line which terminally differentiates into 
postmitotic neurons (NT2N) by treatment with retinoic acid was used 
in this study as a cell culture model for human neuronal 
cells . The hypoxia- inducible VEGF promoter in plasmid vectors was 
employed to drive the expression of marker genes (luciferase) and 
therapeutic genes (bcl2) in hypoxic NT2 cells and NT2N neurons 
in culture. Cationic liposomes complexed with plasmid DNA were used for 
transfection of vectors with the constitutive cytomegalovirus promoter 
(pCMV) or the hypoxia- inducible VEGF promoter (pHRE) . Hypoxic or normoxic 
control NT2 cells transfected with pCMV- luci f erase showed high 
transgene expression (2.4 x 10(8) relative light units (RLU) /mg protein). 
Control NT2 cells transfected with pHRE-lucif erase had a rather low 
activity (4.9 x 10(6) RLU/mg protein), which was induced 34-fold under 
hypoxic conditions. Four-fold induction of luciferase expression was 
obtained in hypoxic NT2N neurons transfected with pHRE compared with 
normoxic controls. The hypoxia - induced luciferase expression in NT2N 
cells was 34% of the activity of pCMV- luciferase under the same 
conditions. Transfection of NT2N neurons with pCMV-bcl2 or pHRE-bcl2 was 
demonstrated to reduce significantly the numbers of apoptotic cells 
after hypoxia. These results demonstrate efficient VEGF promoter-mediated 
induction of transgene expression in hypoxic human neurons. This cell 
culture model may be employed for the further investigation of 
therapeutic proteins against ischemic brain damage due to neuronal 



leukaemia cell extravasation in a novel organotypic model for 
iJssIl wall and measured plasma ICAM-1 and -2 levels ^^f ^^J^^^^^'^J 
na??!nts at diagnosis and during chemotherapy. We found that both normal 
moniSuclear cells and blast cells from acute leukaemia 
pa??ents! as well as retinoic acid-treated promyelocytic leukaemia 
^^n a r-^^nidlv extravasated through endothelial cell 

Taler's In^o ^he Underlying collagen matrix. ICAM-1 antibody P-vented the 
exCavasation, while antibodies to other -^^--^^^^^^-^^^/^^"^f l^m^l 
(rnxB ICAM-2) or no inhibition (CDlla and ICAM-3). Soluble ^^ami 
SclA-ir^rotein had no effect. We also observed increased Pl^^-^^f^"^ 
and 2 levels in leukaemia patients and found that they correlated only 
weakly witi the white blood cell count. No correlation was found 
bSKeL sICAM-1 or -2 levels and the response to therapy. Although 
elevated sICAM-2 levels decreased rapidly during chemotherapy sICAM-1 
ji^eS did not. Because sICAM-1 protein had no effect on leukaemia 
^^T? Lh^^^^c;ation in vitro it is probable that the increased plasma 
^IcL f ll'ls in leikaemia patients may not play a role in leukaemia 
cllT infiltration. However, as we showed that ICAM-1 mediated 
leukaemia cell extravasation on the cell ^'^''^1''^ '^,1^ , ^ lisease 
possible that cellular ICAM-1 has an important role m disease 

progression . 



5/3,AB/29 (Item 29 from file: 155) 

DIALOG (R) File 15 5 : MEDLINE (R) 

ii9PQRl^ 21324325 PMID : 11431341 

inhibition of fibroblast growth factor-2 - induced vascular tumor formation 
bv the acyclic nucleoside phosphonate cidofovir. „ ^ m 

Liekens S- Neyts J; De Clercq E; Verbeken E; Ribatti D; Presta M 

ielT InsiitZT for Medica? Research, Katholieke Universiteit Leuven, 
B-3000 Leuven, Belgium, sandra . liekens®rega^kuleuven . ac_be 

cancer research {United States) Jul 1 2001, 61 (13) p5057 64, 
ISSN 0008-5472 Journal Code: 2984705R 

Document type: Journal Article 

Languages: ENGLISH 

Main Citation Owner: NLM 

SdofL??^r(sSfc:^s) -1- (3-hydroxy-2-phosphon^^^^ 
, is an antiviral drug ^f^t has been approved -^'^^e treatment 

^ft^nJ^lrhibi^orr act?"tr SL^f^:arious1uman papilloLvirus induced 
?umoS in animal Ldels and patients. In -<idition, cidofovir inhibits 
the development of murine polyomavirus- induced hemangiomas m rats by an 
as-yet-uncharacterized, antivirus -independent mechanism. Here we report the 
inhibitory effect of cidofovir on the development of virus -independent 
.TscllTr'' tumors originated by basic fib-blast growth factor 
(FGF2)-overexpressing endothelial cells (FGF2-T-MAE cells 

in vitro, cidofovir was cytostatic to FGF2-T-MAE cells at a 50% 
cvtosLtic concentration of 6.7 microg/ml . Cidofovir concentrations >25 
mic^og/ml resulted in cytotoxicity because of induction of apoptosis. 
Cidofovir did not affect FGF2-T-MAE cell sprouting in 
tiree dimensional fibrin gel and morphogenesis on Matrigel at noncytotoxic 
concentrations In vivo, cidofovir (100 microg/egg) completely suppressed 
hemangioma ?ormation on the chick chorioallantoic membrane (CAM) induced by 
H„^^;,^,n,ntoic iniection of FGF2-T-MAE cells, without affecting the 



Developments of these strategies are ongoing and they include 
identification of more potent inhibitors, ant iangiogenic gene therapy- 
improvement of protein/compound half -lives in the circulation, increase 
of their concentrations at the disease location, and poi nbina torial 
thetiiEies with approaches including chemotherapy, radiotherapy, and 
immunotherapy. Despite the above-mentioned disadvantages, a few inhibitors 
have entered into the early stages of clinical trials and they may bring 
new hopes for the treatment of cancer and other angiogenesis dependent 
diseases . 
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In the retina , angiogenesis is an important component of normal 
physiological events such as embryonic vascular development. It is also 
involved in pathological processes including diabetic retinopathies 
and age-related macular degeneration, and tumour growth such as choroidal 
melanoma. Fibroblast growth factor (FGF) 2 and vascular endothelial 
cell growth factor (VEGF) are the two major angiogenic factors in the 
retina . We investigated the mechanism of proliferation and the 
regulation of the mitogenic properties of FGF2 and VEGF in cultures of 
chorocapillary endothelial cells (CEC) . FGF2 is a strong 
mitogen for CEC and induced a 2.5-fold increase in cell proliferation 
after 4 days in culture in the absence of serum. In contrast, VEGF is a 
poor mitogen for CEC. FGF2 , but not VEGF induces a large activation of 
MEKl, ERKl/2 and P90 (RSK) during CEC proliferation. Pharmacological 
inhibition of Ras processing, and of MEKl and ERKl/2 activation reduced 
only by 50% FGF2 -induced cell proliferation, suggesting that there is 
another signalling pathway for CEC proliferation. Pharmacological 
inhibition of the PI 3-Kinase also inhibits by half FGF2-induced CEC 
proliferation. FGF2 stimulates the activation of the PI 3-K, P70(S6K) and 
Akt . Inhibition of both ERKl/2 and PI 3-K activities suppressed 
FGF2 -induced CEC proliferation, demonstrating that CEC proliferation 
requires both ERKs and PI 3-K pathways. These data on the molecular 
mechanism and signalling may have important implications for providing more 
selective methods for anti -angiogenic and anti - tumoural therapy. 
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Vascular gene transfer potentially offers new treatments for 
cardiovascular diseases. It may be used to overexpress 
therapeutically important proteins and correct genetic defects, and 
to test experimentally the effects of various genes in a local vascular 
compartment. Vascular endothelial growth factor (VEGF) and fibroblast 
growth factor (FGF) gene transfers have improved blood flow and collateral 
development in ischemic limb and myocardium. Promising therapeutic 
effects have been obtained in animal models of resjte nQs is> or 

vein-graft thickening with the transfer of "genes Coding for VEGF, 

nitric -oxide synthase, thymidine kinase, retinoblastoma , growth 
arrest homoeobox, tissue inhibitor of metalloproteinases , cyclin or 
cyclin-dependent kinase inhibitors, fas ligand and hirudin, and^ antisense 
oligonucleotides against transcription factors or cell -cycle 
regulatory proteins. First experiences of VEGF gene transfer and decoy 
oligonucleotides in human beings have been reported. Ho;^ey^£^_further 
d^elopmeft^ — i-ti - gene tra^lsTe^^- vectors, -gene delivery techniques and 
identification -of — ©i-f^ective .^.txe^atment. genes will be required 'before the 
full --therapeutic potential of gene therapy in cardiovascular 
disease can be assessed'. 
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The formation of new blood vessel is essential for a variety of 
physiological processes like embryogenesis and the female reproduction as 
well as wound healing and neovascularization of ischemic tissue. Major 
progress in understanding the underlying mechanisms regulating blood vessel 
growth has offered novel therapeutic options in the treatment of a 
variety of diseases including ischemic cardiovascular disorders. 
Vasculogenesis and angiogenesis are the mechanisms responsible for the 
development of the blood vessels. Angiogenesis refers to the formation of 
capillaries from preexisting vessels in the embryo and adult organism. 
While pathologic angiogenesis includes the role of post-natal 
neovascularization in the pathogenesis of arthritis, diabetic 
retinopathy, and tumor growth and metastasis, therapeutic 
angiogenesis, either endogenously or in response to administered growth 
factors^ Trfcludes the development of collateral blood vessels in tissue 
ischemia. Preclinical studies established that angiogenic growth factors 
could promote collateral artery development in animal models of 
peripheral and myocardial ischemia. Subsequent clinical trials using gene 
transfer of naked DNA encoding for VEGF for the treatment of critical limb 
and myocardial ischemia documented the safety and clinical benefit of this 
novel therapeutic approach. Several objective methods indicated 
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marked improvement in collateral vessel development. Vasculogenesis 
describes the development of new blood vessels from in situ differentiating 
endothelial cells . Recently considered to be restricted to 
embryogenesis , there exists now striking evidence that endothelial 
progenitor cells (EPC) circulate also in adult peripheral blood able 
to participate in ongoing neovascularization. Different cytokines and 
growth factors have a stimulatory effect on these bone-marrow derived EPC. 
Granulocyte macrophage colony stimulating factor (GM-CSF) and vascular 
endothelial growth factor (VEGF) mobilize EPC from the bone marrow 
into the peripheral circulation. While their endogenous contribution to 
postnatal neovascularization needs to be documented, the iatrogenic 
expansion and mobilization of EPC might represent an effective means to 
augment the resident population of endothelial cells (ECs) . 
This kind of cell therapy for tissue regeneration in ischemic 
cardiovascular diseases opens a novel and challenging clinical option 
besides or in addition to the use of growth factors in gene therapy. 
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Rodent models of laser- induced choroidal neovascularization (CNV) 
are now extensively used to identify angiogenic proteins, determine the 
role of specific genes with knockout mice, and evaluate the efficacy and 
safety of anti -angiogenic therapies. CNV is typically evaluated by 
fluorescein angiography or vascular endothelial cell labeling 
in histologic sections. The current study examined an alternative method 
using high molecular weight FITC-dextran (MW 2 x 10(6}) for high resolution 
angiography in RPE-choroid-sclera flat mounts. At 24 hr after lasering, the 
lesions appeared as a circular weakly fluorescent area of approximately 
equal diameter to the laser spot. No FITC-dextran labeled blood vessels 
were visible in the lesion at day 1. Three days after lasering, 47% of the 
lesions showed FITC-dextran labeling indicative of CNV. The incidence (71%) 
and extent of CNV increased by day 6, and by day 10 all lesions were 
vascularized, and the maximal area was attained. No significant change 
followed day 10, and the neovascular area remained constant through day 31. 
The highest rate of blood vessel growth (between 3 and 10 days after laser) 
correlates with the peak expression of VEGF, bFGF, and their receptors 
shown in previous studies. Morphologic analysis of flat mounts and 
histologic sections showed that the neovascular plexus in most lesions 
originates from deeper choroidal vessels in the center of the lesion, grows 
towards the neural retina , then branches circumf erentially to 
anastamose with uninjured choriocapillaris . The microvessels in these 
lesions are broad and flat, similar to normal choriocapillaris. In a 
separate study, rats were treated daily with the angiostatic corticosteroid 
dexamethasone (20-500 microg kg ( - 1 ) day ( - 1 ) ) , and CNV was examined at day 10 
in FITC-dextran labeled flat mounts and histologic sections. Dexamethasone 
dose-dependently inhibited CNV, and its highest dose inhibited 
approximately 95% of CNV labeled by FITC-dextran and resulted in lesions 
with no detectable Factor VIII immunostaining . High resolution angiography 
with FITC-dextran is reproducible and quantifiable, and it may accelerate 
the discovery of therapeutic agents that modulate choroidal 



neovascularization. Copyright 2000 Academic Press. 
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PURPOSE: To determine the effect of adenovirus -mediated gene transfer of 
a soluble receptor of vascular endothelial growth factor (VEGF) on 
the growth of experimental eyelid malignant melanoma. METHODS: An 
adenovirus vector encoding a soluble VEGF receptor/fit- 1 (Adflt-ExR) was 
constructed. The bovine retinal endothelial cells (ECs) 
were incubated in a culture medium of 293E1 cells infected by means 
of an adenovirus vector or uninfected (control) , which contained human 
recombinant VEGF, and the [3H] thymidine uptake was tested. The experimental 
eyelid malignant melanoma was induced by the injection of B16 melanoma 
cells (4 X 10(6) cells) into the right upper eyelid of BALB/c 
nu/nu mice, and the size of the tumor was recorded for 3 weeks after tumor 
cell injection. The effect of Adflt-ExR was examined in three ways. 
Model 1: B16 cells were infected by Adflt-ExR beforehand (at a 
multiplicity of infection [MOI] of 10) and injected into the eyelid. 
Model 2: Adflt-ExR was injected into pre-established B16 cell 
-induced eyelid malignant melanoma. Model 3: Adflt-ExR was injected 
into the femoral muscle of mice before B16 cell injection into the 
eyelid, and the remote effect was evaluated. An adenovirus vector bearing 
the LacZ gene (AdLacZ) or phosphate-buffered saline was used as a control. 
The amount of VEGF and the flt-ExR protein was measured by sandwich 
enzyme-linked immunosorbent assay (ELISA) . Vascularization was evaluated by 
counting the number and the size of the vessels. RESULTS: The supernatant 
of Adflt-ExR- transfected cells clearly inhibited VEGF-induced bovine 
retinal EC proliferation in vitro. In models 1 and 2, the tumor 
growth in Adf It -ExR- treated mice was significantly lower than that of 
controls (P < 0.05) . In model 3, no significant difference was found 
(P = 0.14) . The molar ratio of VEGF/flt-ExR protein was clearly low in the 
tumors of Adf It -ExR- treated mice in models 1 and 2 (P < 0.01) but not 
in model 3 (P > 0.05) . In vessel density, the tumors in 
Adf It-ExR-treated mice had fewer vessels than tumors in control animals in 
models 1 and 2 (P < 0.05). CONCLUSIONS: Adenovirus -mediated gene 
transfer of a soluble form of VEGF receptor (flt-l) gene inhibited the 
growth of the experimental eyelid malignant melanoma. This method may be 
useful as an ant iangiogenic therapy for eyelid malignant melanoma. 
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Studies on drug entry into the brain and permeation of the blood-brain 
barrier start to gain more and more importance in neuropharmaceut ical 
research in order to develop new drugs for the therapy of central 
nervous system diseases. Procedures that provide quick access to permeation 
properties of those drugs with high throughput are difficult to achieve 
with animal models. Although various useful cell culture 
models approaching this issue have been described, results are often 
not comparable among each other unless determined with an equal 
experimental setup. Reproducibility of cell culture methods as well 
as corresponding findings gathered with these tools are often impeded due 
to the lack of details in experimental manuals. Here we present a precise 
manual for preparation and maintenance of porcine brain microvessel 
endothelial cells, serving as a culture model of the 

blood-brain barrier. Furthermore experimental details for blood-brain 
barrier transport investigations are presented. Validation of this 
model was carried out by determination of bioelectric properties and 
permeation experiments using various marker molecules reflecting 
paracellular and transcellular blood-brain barrier penetration. Results 
obtained with our model are closely resembling the in vivo-situation 
although astrocytes are not included. This simplification of the system is 
one of the major advantages towards robot derived cell cultures 
necessary for high throughput screening. 
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OBJECTIVE: Induced angiogenesis has recently been attempted as a 
therapeutic modality in patients with occlusive arterial 
atherosclerotic disease. We investigated the possible role of endogenous 
opioids in the modulation of angiogenesis. METHODS: Chick chorioallantoic 
membrane was used as an in vivo model to study angiogenesis . 
Fertilized chick eggs were incubated for 3 days, explanted, and incubated 
for an additional 2 days. Three-millimeter methylcellulose disks were 
placed on the surface of the chorioallantoic membrane; each disk contained 
opioid growth factor ( [Met ( 5 ) ] -enkephal in ; 5 microgram), the short-acting 
opioid receptor antagonist naloxone (5 microgram) , opioid growth factor and 
naloxone together (5 microgram of each) , the long-acting opioid antagonist 
naltrexone (5 microgram) , or distilled water (control) . A second series of 
experiments was performed with distilled water, the angiogenic inhibitor 
retinoic acid (1 microgram) , and vascular endothelial growth 
factor (1 microgram) to further evaluate our model. The developing 
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vasculature was imaged 2 days later with a digital camera and exported to a 
computer for image analysis. Total nunnber of blood vessels, total vessel 
length, and mean vessel length were measured within a 100-mm(2) region 
surrounding each applied disk. Immunocytochemical analysis was performed 
with antibodies directed against opioid growth factor and its receptor 
(OGFr) . RESULTS: Opioid growth factor had a significant inhibitory effect 
on angiogenesis , both the number of blood vessels and the total vessel 
length being decreased (by 35% and 20%, respectively) in comparison with 
control levels (P <.005). The simultaneous addition of naloxone and opioid 
growth factor had no effect on blood vessel growth, nor did naloxone alone. 
Chorioallantoic membranes exposed to naltrexone displayed increases of 51% 
and 24% in blood vessel number and length, respectively, in comparison with 
control specimens (P <.005) . These results indicate that the opioid growth 
factor effects are receptor mediated and tonically active. 
Immunocytochemistry demonstrated the presence of both opioid growth factor 
and OGFr within the endothelial cells and mesenchymal 
cells of the developing chorioallantoic membrane vessel wall. 
Retinoic acid significantly reduced the number and the total length 
of blood vessels, whereas vascular endothelial growth factor 
increased both the number and the length of blood vessels in comparison 
with the controls (P <.OO01). The magnitude of opioid growth factor's 
effects were comparable to those seen with retinoic acid, whereas 
inhibition of opioid growth factor with naltrexone induced an increase in 
total vessel length comparable to that for vascular endothelial 
growth factor. CONCLUSIONS: These results demonstrate for the first time 
that endogenous opioids modulate in vivo angiogenesis . Opioid growth factor 
is a tonically active peptide that has a receptor-mediated action in 
regulating angiogenesis in developing endothelial and mesenchymal 
vascular cells. 
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PURPOSE: Choroidal neovascularization (CNV) is responsible for most cases 
of severe visual loss in age-related macular degeneration. Recently, the 
possibility of gene therapy has been proposed for the treatment of 
CNV. The purpose of this study was to examine the feasibility of ex vivo 
and in situ gene therapy approaches for CNV. DESIGN: Experimental 
study. METHODS: Human retinal pigment epithelial (RPE) cells 
were transduced with a retroviral vector coding for beta-galactosidase . 
Transduced cells were grown on type II collagen sheets and 
transplanted under the retina of 20 rabbits. Animals were observed 
for 3 to 56 days, and transplanted cells were examined histologically 
and with X-gal staining. Bovine choroidal endothelial cells 
(CEC) were transduced with retroviral vectors coding for tissue inhibitor 
of metalloproteinase-2 (TIMP-2) or control vector. Production of TIMP-2 by 
transduced cells was determined by immunohistochemical analysis and 
enzyme- linked immunosorbent assay. Effect of transduction on in vitro 
proliferation, migration, and tube formation was examined in response to 




vascular endothelial growth factor (VEGF) . Four CNV lesions were 
induced in one cynomolgus monkey by laser photocoagulation. Two days later, 
retroviral vector coding for TlMP-2 or control vector was injected into the 
subretinal space overlying the CNV lesions. The monkey was observed for 12 
weeks using fluorescein angiography. RESULTS: Transplantation of transduced 
RPE cells was technically achieved in 10 of 20 animals. In these 
animals, RPE cells at the site of transplantation formed a monolayer 
and expressed beta-galactosidase for 14 days. beta-Galactosidase-positive 
cells were not identified at 56 days. Choroidal endothelial 
cells transduced with TIMP-2 secrete TlMP-2 into the media and show 
decreased migration and tube formation in vitro. In the in vivo monkey 
model , the control CNV lesions (n = 2} showed prominent leakage, 
whereas the experimental lesions (n = 2) showed minimal hyperf luorescence . 
CONCLUSIONS: Retrovirally transduced RPE cells survive in the 
subretinal space for at least 14 days and continue to express the gene 
product coded for by the vector. Choroidal endothelial cells 
retrovirally transduced for TIiyiP-2 produce TIMP-2 in vitro and show 
decreased angiogenic responses in vitro in response to VEGF. A preliminary 
study attempting in situ delivery of TIMP-2 vector to CNV lesions in a 
monkey eye supports the feasibility of this approach and encourages further 
study . 
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The staurosporine derivative PKC412 was originally identified as an 
inhibitor of protein kinase C (PKC) and subsequently shown to inhibit other 
kinases including the kinase insert domain receptor (KDR) (vascular 
endothelial growth factor receptor, VEGF-R2), the receptor of 
platelet -derived growth factor, and the receptor for the stem cell 
factor, c-kit. PKC412 showed a broad antiproliferative activity against 
various tumor and normal cell lines in vitro, and was able to reverse 
the Pgp-mediated multidrug resistance of tumor cells in vitro. 
Exposure of cells to PKC412 resulted in a dose-dependent increase in 
the G2/M phase of the cell cycle concomitant with increased 
polyploidy, apoptosis and enhanced sensitivity to ionizing radiation. 
PKC412 displayed a potent antitumor activity as single agent and was able 
to potentiate the antitumor activity of some of the clinically used 
cytotoxins (Taxol and doxorubicin) in vivo. The combined treatment of 
PKC412 with loco-regional ionizing irradiation showed significant antitumor 
activity against tumors which are resistant to both ionizing radiation and 
chemotherapeutic agents (dysfunctional p53). The finding that PKC412 is an 
inhibitor of the VEGF-mediated cellular signaling via inhibition of 
KDR and PKC in vitro is consistent with the in vivo inhibition of 
VEGF-dependent angiogenesis in a growth factor implant model. Orally 
administered PKC412 also strongly inhibited retinal 

neovascularization as well as laser- induced choroidal neovascularization in 
murine models . In summary, PKC412 may suppress tumor growth by 
inhibiting tumor angiogenesis in addition to directly-inhibiting tumor 
cell proliferation via its effects on PKC and/or other protein 




kinases. PKC412 is currently in Phase I clinical trials for treatment of 
advanced cancer as well as for the treatment of ischemic retinopathy. 
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Vascular gene transfer potentially offers new treatments for 
cardiovascular diseases. It can be used to overexpress 
therapeutically important proteins and correct genetic defects, and 
to test experimentally the effects of various genes in a local vascular 
compartment. Vascular endothelial growth factor (VEGF) and fibroblast 
growth factor (FGF) gene transfers have improved blood flow and collateral 
development in ischaemic limb and myocardium. Promising therapeutic 
effects have been obtained in animal models of restenosis or 
vein-graft thickening with the transfer of genes coding for VEGF, 
nitric-oxide synthase, thymidine kinase, retinoblastoma , growth 
arrest homoeobox, tissue inhibitor of metalloproteinases , cyclin or 
cyclin-dependent kinase inhibitors, fas ligand and hirudin, and antisense 
oligonucleotides against transcription factors or cell -cycle 
regulatory proteins. First experiences of VEGF gene transfer and decoy 
oligonucleotides in human beings have been reported. However, further 
developments in gene -transfer vectors, gene-delivery techniques and 
identification of effective treatment genes will be required before the 
full therapeutic potential of gene therapy in cardiovascular 
disease can be assessed. 
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Studies have demonstrated that human immunodeficiency virus type 1 
(HIV-1) infection of central nervous system (CNS) -based cells in vivo 
results in a series of devastating clinical conditions collectively termed 
acquired immune deficiency syndrome (AIDS) dementia complex (ADC) . Gene 
therapy for these neurovirological disorders necessitates utilization 
of a vector system that can mediate in vivo delivery and long-term 
expression of an ant iretroviral transgene in nondividing/postmitotic CNS 
cellular elements. The present studies focus on the transfer of an 





anti-HIV-1 gene to primary isolated CNS microvascular endothelial 
cells (MVECs) and neuronal -based cells , for its effects in 
protecting these cells from HIV-1 infection. By using an HIV-l-based 
vector system, it was possible to efficiently transduce and maintain 
expression of a marker transgene, beta-galactosidase (beta-Gal) , in human 
CNS MVECs, human fetal astrocytes, plus immature and mature 
(differentiated) NT2 cells . Significant transduction of the marker 
gene, beta-Gal, in CNS-based cells prompted the utilization of this 
system with an anti-HIV-1 gene therapeutic construct, RevMlO, a 
trans-dominant negative mutant Rev protein. Initially, it was not possible 
to generate any HIV-1 vector particles with the RevMlO gene in the 
transducing construct, because of inhibitory effects on the HIV-1 vector by 
this gene product. However, the vector could be partially rescued by adding 
an additional construct that supplied wild-type rev, in trans, during a 
multiple construct transfection in the packaging 293T cells. Thus, it 
was possible to significantly improve the titer of RevMlO -expressing viral 
particles generated from these cells. Moreover, this RevMlO vector 
transduced the neuronal precursor cell line NT2 , retinoic 

acid-differentiated human neurons (hNT) from the precursor cells, 
and primary isolated human brain MVECs with high efficiency. RevMlO 
generated from the HIV-l-based vector system potently inhibited replication 
of diverse HIV-1 strains in human CNS MVECs and neuronal cells. The 
data generated from these studies represent an initial approach for future 
development of anti-HIV-1 gene therapy in the CNS. 
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Diabetic retinopathy (DR) still remains the leading cause of 
blindness in the working population of Japan and western world, though 
therapies such as retinal photocoagulation and vitrectomy can 
be remarkably effective when administered at an appropriate stage in the 
disease process. Consequently, there is a need for further investigation of 
the pathogenesis of DR to develop better therapy. DR is characterized 
by gradually progressive alterations in the retinal microvasculature , 
leading to three fundamental morbidities: 1. vascular hyperpermeability , 2. 
vascular occlusion, and 3. neovascularization. Recent studies have revealed 
that hyperglycemia causes several metabolic disorders which cause DR 
directly or indirectly through the abnormal expression of cytokines 
including vascular endot helial growth f actor ~r^EG¥) .r^~~tMrs~~study , 
we performed prec'ise tests of the correlation between intraocular VEGF and 
the three fundamental changes in the diabetic retina mentioned above. 
Ultrastructural study of the human retina revealed that two major 
pathways are responsible for hyperpermeability of diabetic retinal 
vessels, i.e., intercellular or paracellular transport (o pening of the 
t i^[}v^_jjj^ictiQns ) and intracellular or transcellular transport Ccav„ejQl^ , 
intracytopla^icL_^_£L£d^l^eSj^ and f enes ^tra^ri^aajz^ All these pathways were 
induced -Ixy^^gntravi treal^ Tn3^c^ron of TvEGF . The major trigger of VEGF 
overexpression ^s^ tissuel. xsl:hemia caused-by vascular occlusion. However, 
the retinas from the eyes witlT" Background DR re increased 
expression of VEGF without apparent incidence of vascular occlusion. We 




have identified accumulation of advanced glycation end products (AGEs) in 
these retinas , and found that AGEs are a major stimulus for VEGF 
overexpression in background DR. Retinal vascular occlusion was 
caused by thrombus formation primarily in the capillary vessels. Thrombi 
mainly consisted of fibrin, platelets, and leucocytes in the early stage of 
their formation, and glial cells and macrophages were also involved 
in the later stage. The blood coagulation process plays an important role 
in fibrin formation in thrombi. The expression of tissue factor (TF) , an 
initiator of extrinsic blood coagulation, was upregulated by VEGF in 
retinal vascular endothelial cells (REG) . In addition, 

AGEs were also thrombogenic through the induction of TF expression and 
suppression of the expression of prostacyclin stimulating factor (PSF) , 
which stimulate prostacyclin synthesis in vascular endothelial 
cells . These findings suggest that AGEs, VEGF, and TF could interact 
in a vicious circle because AGEs and VEGF could induce retinal 
vascular occlusion which results in further increase in VEGF expression. 
Intravitreal injection of VEGF could induce retinal 
neovascularization. \(EGF stimulates vasc ular e ndothelial cell 

prxi^^if eration by binding — tro- -:;g7;7sgec 11 fc recepto r ^ named Jcin^^ insert 

domaaIlr22B^-aini-fig'--r^^ AGEs and 

basicfTBroBTB^1r- ^rQwth --ea^roF TbFGFT induced expres^on of KDl^ in REC, and 
a transcription factor Sp 1 was involved in this process. Since the 
expression of KDR as well as VEGF was already upregulated in the 
retinas with background DR, VEGF appeared to start to induce the 
proliferative changes long before the actual onset of proliferative DR. 
These findings indicated that VEGF and its receptor system plays a pivotal 
role all through the disease process of DR. We considered that amelioration 
of the activated VEGF and its receptor system could lead to the development 
of new therapy for DR. We have developed two novel methods to prevent 
retinal neovascularization by inhibiting VEGF and its receptor 
system. 1. Acl_ insulin sensitizing agent ( troglitazone ) inhibited 
proliferation, migration, and in vitro tube formation by REC as well as 
oxygen- induced retinal neovascularization in a mouse model. 
Thus, glycemic control by troglitazone could reduce the incidence of 
neovascularization in diabetic eyes. 2. (ABSTRACT TRUNCATED) 
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Smooth muscle cell (SMC) proliferation that results in neointima 
formation is implicated in the pathogenesis of atherosclerotic plaques and 
accounts for the high rates of restenosis that occur after percutaneous 
transluminal coronary angioplasty, a widespread treatment for coronary 
artery disease. Endothelial lesions trigger intense proliferative 
signals to the SMCs of the subintima, stimulating their reentry into the 
cell cycle from a resting G(0) state, resulting in neointima 
formation and vascular occlusion. Cellular proliferation is 
negatively controlled by growth- regulatory or tumor- suppressor genes, or 




both, such as the retinoblastoma gene family members (RB/pl05, pl07, 
RB2/pl30) . In the present study, we show that RB2/pl30 inhibited SMC 
proliferation in vitro and in vivo. We used the rat carotid artery 
model of restenosis to demonstrate that adenovirus -mediated localized 
arterial transduction of RB2/pl30 at the time of angioplasty significantly 
reduced neointimal hyperplasia and prevented restenosis. Furthermore, the 
ability of pRb2/pl30 to block proliferation correlated with its ability to 
bind and sequester the E2F family of transcription factors, which are 
important mediators of cell cycle progression. These results imply 
that RB2/pl30 could be an important target for vascular gene therapy. 
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An important character of the eye is transparency, so intraocular 
neovascularization, which is fragile and likely to result in hemorrhage, 
would cause a functional disorder of the eye and contribute to loss of 
vision associated with such diseases as retinopathy of prematurity, 
diabetic retinopathy, retinal vein occlusion, and age-related 
macular degeneration. Recently interest in the mechanisms of intraocular 
neovascularization has increased, and the mechanisms have been gradually 
elucidated using several in vitro and in vivo angiogenesis models. 
Blood vessels in the eye are composed of, and surrounded by, various types 
of cells that produce multiple factors. Neovascularization is 
regulated by complex interactions among these angiogenic factors, 
angiostatic factors, and adhesion molecules, and some of these 
angiogenesis -related molecules have also been suggested as new targets for 
novel therapeutic agents of intraocular neo-vascularization . This 
review focuses on in vivo representative angiogenesis models of the 
corneal pocket model and the model of oxygen- induced 
retinopathy , and discusses the role of some angiogenesis-related 
factors and adhesion molecules in intraocular neovascularization. 
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Vascular endothelial growth factor (VEGF) is a fundamental 
regulator of normal and abnormal angiogenesis. Recent evidence indicates 
that VEGF is essential for embryonic vasculogenes is and angiogenesis. 



Furthermore, VEGF is required for the cyclical blood vessel proliferation 
in the female reproductive tract and for longitudinal bone growth and 
endochondral bone formation. Substantial experimental evidence also 
implicates VEGF in pathological angiogenesis . Anti-VEGF monoclonal 
antibodies or other VEGF inhibitors block the growth of many tumor 
cell lines in nude mice. Furthermore, the concentrations of VEGF are 
elevated in the aqueous and vitreous humors of patients with proliferative 
retinopathies such as the diabetic retinopathy. In addition, 
VEGF- induced angiogenesis results in a therapeutic benefit in several 
animal models of myocardial or limb ischemia. Currently, both 
therapeutic angiogenesis using recombinant VEGF or VEGF gene transfer 
and inhibition of VEGF-mediated pathological angiogenesis are being 
pursued . 
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Compelling evidence indicates that vascular endothelial growth 
factor (VEGF) is a fundamental regulator of normal and abnormal 
angiogenesis. The loss of a single VEGF allele results in defective 
vascularization art^— e aily eii Lbry oTiTc"'Tethalit:y . vEGF plays also a critical 
roTe" in kidney development, and its inactivation during early postnatal 
life results in the suppression of glomerular development and kidney 
failure. Recent evidence indicates that VEGF is also essential for 
angiogenesis in the female reproductive tract and for morphogenesis of the 
epiphyseal growth plate and endochondral bone formation. Substantial 
experimental evidence also implicates VEGF in pathological angiogenesis. 
Anti-VEGF monoclonal antibodies or other VEGF inhibitors block the growth 
of several human tumor cell lines in nude mice. Furthermore, the 
concentrations of VEGF are elevated in the aqueous and vitreous humors of 
patients with proliferative retinopathies such as the diabetic 
retinopathy. In addition, VEGF-induced angiogenesis results in a 
therapeutic benefit in several animal models of myocardial or 
limb ischemia. Currently, bcitJ:i__ therapeutic angiogenesis.- lisirig 

recombinant__-V£GF__or VEGF^ g ene t ranste^ and'TnTTibition of VEGF-mediated 

pathological angiogenes"Jrg~"are being pilrsUed cTihically. 
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EGb 761 is a standardized extract of dried leaves of Ginkgo biloba 
containing 24% ginkgo- flavonol glycosides, 6% terpene lactones such as 
ginkgolides A, B, C, J and bilobalide. Its broad spectrum of 
pharmacological activities allows it to be in adequacy to the numerous 
pathological requirements- -hemodynamic , hemorheological , metabolic- -which 
occur in cerebral, retinal, cochleovestibular , cardiac or peripheral 
ischemia. Moreover, EGb 761 has direct effects against necrosis and 
apoptosis of neurons and improves neural plasticity as evidenced in 
vestibular compensation. At the molecular and the cellular levels, 
some evidence obtained with animal models indicates that EGb 761 can 
interact as a free radical - scavenger and a inhibitor of lipid peroxidation 
with all, or nearly all reactive oxygen species; maintains ATP content by a 
protection of mitochondrial respiration and preservation of oxidative 
phosphorylations; exerts arterial and venous vasoregulator effects 
involving the release of endothelial factors and the 
catecholaminergic system. Moreover, EGb 761 regulates ionic balance in 
damaged cells and exerts a specific and potent Platelet-activating 
factor antagonist activity. Numerous well -controlled clinical studies, 
realized in Europe and in USA, have revealed that EGb 761 is an effective 
therapy for a wide variety of disturbances of cerebral function, 
ranging from cerebral impairment of ischemic vascular origins (i.e. multi 
infarct dementia) , early cognitive decline to mild- to-moderate cases of the 
more severe types of senile dementias (including Alzheimer's disease) or 
mixed origins (i.e. psychoorganic origin). Improvement of signs and 
symptoms have been demonstrated for cognitive functions, particularly for 
memory loss, attention, alertness, vigilance, arousal and mental fluidity. 
Some clinical studies have showed that EGb 761 treatment may improve the 
capacity of geriatric patients to cope with the stressful demands of daily 
life. The explanation is a dual stress -alleviating action of EGb 761: its 
facilitates behavioral adaptation to stress and may decrease the excess of 
Cortisol release to stress. Moreover, EGb 761 shows a specific 
neuroprotective effects to hippocampic cells. Regarding the visual 
system, experimental studies have shown that EGb 761 can inhibit or reduce 
the functional retinal impairments resulting from 

ischemia-reperf usion, photo-degeneration, diabetic or proliferative 
retinopathy . Clinical studies have revealed that EGb 761 may be 
useful in treating visual activity impairments and damages to the visual 
field associated with chronic cerebrovascular insufficiency, senile macular 
degeneration and diabete mellitus. Regarding the vestibular and auditory 
systems, experimental and clinical studies have shown the efficacy of EGb 
761 in treating hypoacusis, tinnitus, vertigo, dizziness and other symptoms 
of vestibulocochlear disorders. At least, adequatly controlled studies in 
patients with peripheral arterial occlusive disease have provided good 
evidence for therapeutic efficacy in intermittent claudication. The 
future of EGb 761 is undoubtedly in the promise in slowing the progression 
of Alzheimer's disease. Indeed, two recent american clinical studies have 
shown the efficacy and safety of EGb 761 in patients with mild to severe 
Alzheimer's disease and mult i - infarct dementia. In clinical terms, 
progression of symptoms was delayed by approximately 6 months. Actually new 
clinical studies are undertaken in USA and Europe. At the dawn of the third 
millenium (the Sixth for Ginkgo biloba) we propose a state of art about it. 
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PURPOSE: To determine whether an angiogenic inhibitor, TNP- 470 (TNP) , an 
analogue of fumagillin, inhibits choroidal neovascularization (CNV) induced 
by diode laser photocoagulation in a rat experimental model. METHODS: 
Fundus laser photocoagulation was performed on Brown Norway rats to induce 
CNV. In the treatment group, TNP was administered intraperitoneally at the 
time of laser photocoagulation and on day 7 (50 mg/kg at each time) . The 
incidence of CNV formation was evaluated by fluorescein angiography. The 
retina was collected from the rats on days 1, 3, 7, and 14 after 
laser photocoagulation, and semiquantitative polymerase chain reaction 
(PGR) analyses for the expression of mRNA of basic fibroblast growth factor 
(bPGF) and vascular endothelial growth factor (VEGF) were carried 
out. Localization of bFGF mRNA was studied by in situ reverse 
transcription-PCR (RT-PCR) . The numbers of positively labeled cells 
for bFGF mRNA were compared between the TNP treatment and control groups. 
RESULTS: The incidence of CNV formation was 22.7% in the TNP-treated rats 
and that in the control rats was 61.4% (P < 0.001). The semiquantitative 
PGR analyses showed that bFGF mRNA was upregulated on days 3 and 7 in the 
control rats, but no significant changes were found in TNP-treated rats. 
There was no detectable difference in VEGF gene expression between the 
control and TNP-treated rats. bFGF mRNA was detected by in situ RT-PCR in 
the regenerated retinal pigment epithelial cells and 
cells of the outer and inner nuclear layers of the control rats. The 
number of positive cells for bFGF mRNA in the TNP treatment group was 
significantly smaller than that of the control group (P < 0.05) on days 3 
and 14. CONCLUSIONS: TNP- 470 treatment reduced the incidence of 
laser-induced CNV formation in this experimental model . The 
expression of bFGF associated with CNV formation was~~aTso significantly 
reduced by the TNP treatment. 
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BACKGROUND: Anglogeogsi s is invplyed _in tumor growth.,, macular 
degeneration, retinopathy and other diseases... Vascular 
endothelial growth— -f -actor I VEGF)- stimulates angiogenesis by binding 
to specific receptors (VEGFRs) on the surface of vascular endothelial 
cells . VEGFRs are receptor tyrosine kinases that, like the 
platelet-derived growth factor receptors (PDGFRs) , contain a large insert 
within the kinase domain. RESULTS: We report here the generation, kinetic 
characterization, and 2.4 A crystal structure of the catalytic kinase 
domain of VEGF receptor 2 (VEGFR2) . This protein construct, which lacks 50 




central residues of the 68-residue kinase insert domain (KID) , has 
comparable kinase activity to constructs containing the entire KID. The 
crystal structure, determined in an unliganded phosphorylated state, 
reveals an overall fold and catalytic residue positions similar to those 
observed in other tyrosine -kinase structures. The kinase activation loop, 
autophosphorylated on Y1059 prior to crystallization, is mostly disordered; 
however, a portion of it occupies a position inhibitory to substrate 
binding. The ends of the KID form a beta-like structure, not observed in 
other known tyrosine kinase structures, that packs near to the kinase C 
terminus, CONCLUSIONS: The majority of the VEGFR2 KID residues are not 
necessary for kinase activity. The unique structure observed for the ends 
of the KID may also occur in other PDGFR family meinbers and may serve to 
properly orient the KID for signal transduction. This VEGFR2 kinase 
structure provides a target for design of selective ant i -angiogenic 
therapeutic agents . 
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ABSTRACT: It has been suggested that the expansion of the leukemic 
cells in chronic lymphocytic leukemia (CLL) is due to dysregulation 
of pathways of programmed cell death (apoptosis) rather than 
cell proliferation, although differences may exist in early vs late 
and treated vs untreated patients. In the present study, we analyzed the 
expression of 11 proteins in CLL cells that are implicated in the 
control of apoptosis, proliferation, and differentiation, and correlated 
this expression profile with survival. Using a quantitative solid-phase 
radioimmunoassay (RIA) , we measured the cellular protein levels of 
Bcl-2, cyclin Dl, PCNA, ATM, Fas, Bax, retinoic acid receptor alpha 
(RARalpha) , retinoic acid receptor beta (RXRbeta) , Fltl, VEGF, and 
cellular beta2 -microglobul in in 230 samples of CLL. Univariate 
analysis using the Cox proportional hazard model showed a 
correlation with survival of only the following proteins: Bcl-2 
(P<0.001), cyclin Dl (P=0.027), Fas (P-0.055), PCNA (P<0.001), and ATM 
(P=0.028), In a multivariate analysis using classification and regression 
tree analysis (CART) , five groups of patients (nodes) could be generated 
with significant differences of survival expectation (P<0.0001) based on 
levels of expression of the above proteins. Based on CART analysis, Bcl-2 
levels emerge as the most important protein in predicting survival 
between all 11 proteins studied. Patients with marked elevation in Bcl-2 
levels had the worst outcome while patients with intermediate levels, but 
with high levels of PCNA and cyclin Dl or abnormal ATM expression had 
intermediate survival. These data indicate that intracellular levels of 
proteins such as Bcl-2, ATM, cyclin Dl, and PCNA can be used as markers 
to predict clinical behavior and survival in patients with CLL. The 
pathways in which these proteins are involved may also represent possible 
targets for future therapeutic trials in CLL. 
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ABSTRACT: Angiogenesis is regulated by means of a balance between 
activators and inhibitors. However, little is known regarding the 
regulation of the quiescent state of adult vessels. 

Corticotropin-releasing factor receptor 2 (CRFR2) is found in both 
endothelial and smooth muscle cells (SMCs) in the 
vasculature, where its function has remained elusive. We have 
investigated the role of CRFR2 as a determinant of tissue vascularization 
by comparing control and CRFR2 -deficient mice with immunohistological and 
morphometric techniques. To define the mechanisms responsible for CRFR2 
inhibition of angiogenesis, we have also examined in vitro the effect of 
ligand activation on cell proliferation, cell cycle protein 
phosphorylation, and capillary tube formation. Our results demonstrate 
that mice deficient for CRFR2 become hypervascularized postnatally. 
Activation of this receptor in vitro results in reduced vascular 
endothelial growth factor (VEGF) release from SMCs, an inhibition 
of SMC proliferation, and inhibition of capillary tube formation in 
collagen gels. Treatment of a subcutaneously injected gel matrix with a 
CRFR2 agonist inhibits growth factor- induced vascularization. Western 
blots show that cell cycle retinoblastoma protein, which is 
essential for cell cycle progression, is decreased by CRFR2 agonist 
treatment in SMCs. These results suggest that CRFR2 is a critical 
component of a pathway necessary for tonic inhibition of adult 
neovascularization. CRFR2 may be a potential target for therapeutic 
modulation of angiogenesis in cancer and ischemic cardiovascular disease. 
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ABSTRACT: Morphine is used in medical conditions where blood vessels play a 
critical role. Morphine stimulates NO production in endothelium and 
activates, MAPK/ERK and proliferation in other cells. We 
hypothesized that morphine mimics VEGF signaling in endothelium and 
promotes angiogenesis . Morphine, and mu, delta and kappa receptor 
agonists stimulate human microvascular endothelial cell 

(HMEC) proliferation to the same extent as VEGF and activate MAPK/ERK and 
Akt, phosphorylation. These effects were abrogated by Pertussis toxin 

(Gi/Go Protein inhibitor) and L-NAME (NOS inhibitor) . Morphine prevented 
apoptosis in serum starved HMEC by apprxeq35% and preserved a 
significantly higher number of cells in 'S' phase (p<0.01, vs 
untreated) . Morphine induced HMEC tube formation on Matrigel (45+-15%) in 
vitro. In mice, Matrigel implants containing 10 muM morphine or 10 mug/ml 
VEGF showed higher number of blood vessels as compared to controls 

(p<0.05 Sc 0.001, for morphine and VEGF, respectively). Morphine 
administered to mice (in a dose similar to that used in cancer patients) 
promoted tumor angiogenesis and tumor growth in mice as compared to 
controls in MCF7 breast tumor xenograft model . ^ Importantly , 
naloxone, an opiate receptor antagonist inhibited tumor progression. 
Given the critical role of angiogenesis in many diseases, these opioid 
effects could be either therapeutically beneficial 

(cardiovascular-remodelling and wound healing) or deleterious (cancer or 
neovascularizing retinopathy) . 
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ABSTRACT: Purpose: To fabricate and characterize in vitro and in vivo 
performance of a sustained release biodegradable implant for 
N-4 - (benzoylaminophenylsulf onyl glycine) (BAPSG) , a novel aldose 
reductase inhibitor. Methods: The ability of BAPSG to inhibit aldose 
reductase activity and glucose - induced vascular endothelial growth 
factor (VEGF) expression was assessed in a retinal pigment 
epithelial cell line (ARPE-19) . A poly (DL- lactic - co-glycolic acid) 
implant containing 50% w/w BAPSG was fabricated and characterized for 
drug loading, in vitro drug release, and the thermal behavior of the drug 




and the polymer. Implants were injected subcutaneous ly into a 
galactose-f ed diabetic rat model and cataract scores, plasma and 
tissue drug levels, galactitol levels in the lens and the retina, 
glutathione levels in the plasma, lens, cornea and retina and VEGF 
expression in the retina were determined on or until 18 days. 
Results: BAPSG inhibited aldose reductase activity and reduced VEGF 
expression in ARPE-19 cells. Implants {1X4 mm), with a loading 
efficiency of 106+-7% for BAPSG, were fabricated. Upon implant 
fabrication, while the glass transition temperature of the polymer 
decreased, the melting point of the drug was not affected. In vivo drug 
release correlated well with in vitro release, with apprx44% drug release 
occurring in vivo by the end of 18 days. The implant reduced galactitol 
accumulation, glutathione depletion, cataract scores, and VEGF expression 
in galactose-f ed rats. Conclusions: An injectable biodegradable implant 
of BAPSG sustained drug release in vitro and in vivo, and reduced 
galactitol accumulation, glutathione depletion, cataract scores, and VEGF 
expression in galactose - fed rats. 
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ABSTRACT: PURPOSE: Vascular endothelial growth factor (VEGF) is a 

potent ischemia-upregulated angiogenic protein that has been implicated 
in diabetic retinopathy. Intravitreal ■¥EeF"""injections have not 
previously been shown to produce preretinal neovascularization. The 
purpose of this study was to further characterize the angiopathic changes 
that occur after intravitreal injections in a nonhuman primate and 
determine if preretinal neovascularization develops. DESIGN: Experimental 
animal study. METHODS: Vascular endothelial growth factor 165 was 
injected into the ^ej^es of normal cynomolgus monkeys at regular intervals. 
As a control, normal eyes were in j^etrtet^ with phosphate buffered saline. 
Color photography and fluorescein angiography were performed at regular 
intervals. The retinas were incubated for adenosine diphosphatase 
(ADPase) activity to visualize retinal vessels. The retinas 
were flat -embedded and areas of potential preretinal neovascularization 
were identified en bloc and serially sectioned. RESULTS: Areas of 
capillary nonperfusion and vessel dilation and tortuousity were seen by 
angiography. In serial sections, the nonperfused areas were found to be 
associated with endothelial cell hyperplasia in vessel 

lumens. Preretinal neovascularization originating only from superficial 
veins and venules was observed throughout peripheral retina, but 
was not seen in the posterior pole. Lacunae-like veins were subdivided by 
the process of intussusception and endothelial cell bridging. 
Arterioles demonstrated endothelial cell hyperplasia and 




microaneurysms. CONCLUSION: Intraocular injections of VEGF were 
sufficient to produce preretinal neovascularization in the nonhuman 
primate. Most vasculopathic structures were associated with 
endothelial cell hyperplasia. These results demonstrate that 
VEGF alone can produce many features of both nonproliferative and 
proliferative diabetic retinopathy including the previously 
undescribed development of preretinal neovascularization. This 
well -characterized VEGF-induced primate model of retinal 

neovascularization may be useful as a means of testing new treatments for 
retinal neovascularization. 
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ABSTRACT: Aminoguanidine inhibits the development of retinopathy in 
diabetic animals, but the mechanism remains unclear. Inasmuch as 
aminoguanidine is a relatively selective inhibitor of the inducible 
isoform of nitric oxide synthase (iNOS) , we have investigated the effects 
of hyperglycemia on the retinal nitric oxide (NO) pathway in the 
presence and absence of aminoguanidine. In vivo studies utilized 
retinas from experimentally diabetic rats treated or without 
aminoguanidine for 2 months, and in vitro studies used bovine 
retinal endothelial cells and a transformed 

retinal glial cell line (rMC-1) incubated in 5 mM and 25 mM 

glucose with and without aminoguanidine (100 mug/mL) . NO was detected as 

nitrite and nitrate, and nitrotyrosine and iNOS were detected using 

immunochemical methods. Retinal homogenates from diabetic animals 

had greater than normal levels of NO and iNOS (p<0.05), and nitrotyrosine 

was greater than normal, especially in one band immunoprecipitated from 

retinal homogenates. Oral aminoguanidine significantly inhibited 

all of these increases. Nitrotyrosine was detected immunohistochemically 

only in the retinal vasculature of non-diabetic and diabetic 

animals. Retinal endothelial and rMC-1 cells cultured 

in high glucose increased NO and NT, and aminoguanidine inhibited both 

increases in rMC-1 cells, but only NT in endothelial 

cells. Hyperglycemia increases NO production in retinal 

cells, and aminoguanidine can inhibit this abnormality. Inhibition 

of diabetic retinopathy by aminoguanidine might be mediated in part 

by inhibition of sequelae of NO production. 
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metastases of human gastrointestinal cancer cells such as the human 
stomach carcinoma line AZ-521 in animal models, and is currently in 
use in phase I cancer trials. However, the mechanism of its 
antimetastatic action is still poorly understood. Tumor metastasis 
depends on angiogenesis , and various retinoids have been found to 
exhibit antiangiogenic activity. Based on these findings we here examined 
the antiangiogenic effects of TAC-101. Oral administration of TAC-101 
(2-8 mg/kg/day) resulted in a drastic suppression of the AZ-521 
cell-induced angiogenesis in a mouse dorsal air sac assay system, 
compared to the vehicle alone. Immunohistochemical analysis with antibody 
against the endothelial marker CD31 revealed a significant 
reduction in microvessel density in liver metastases from animals treated 
with TAC-101 (8 mg/kg p.o.), compared to liver metastases from the 
untreated control animals. The ability of TAC-101 (8 mg/kg p.o.) to 
prevent experimental liver metastasis of AZ-521 cells in athymic 
nude mice was comparable with that of the known angiogenesis inhibitor 
TNP-470 {30 mg/kg s.c). TAC-101 also affected angiogenesis in 
chorioallantoic membranes and some functions of endothelial 
cells associated with angiogenesis, whereas the retinoid 
failed to suppress AZ-521 cell proliferation directly. These data 
suggest that the TAC-101 is an orally active antiangiogenic agent and 
that this antiangiogenic property may contribute to its efficacy against 
liver metastasis of human stomach cancer cells. 
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Immortaliz^ retinal pigmentary epithelial__cell lines and their 
appli'cations . 
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ABSTRACT: The invention features immortalized retina-derived { 
retinal endothelial or retinal epithelial pigmentary) 
cell lines capable of being implanted in the retina and of 
carrying a therapeutic substance to the eye and to the central 
nervous system. Such lines can also be used as a model for studying 
blood central nervous system interfaces. These lines are derived from 
primary retinal cultures selected from the group consisting of 
primary retinal endothelial cells and primary 
retinal epithelial cells, comprise a nucleic acid fragment 
containing at least one immortalizing fragment of a heat-sensitive viral 
oncogene, which nucleic fragment is optionally associated with at least 
one selection gene, and have the morphological characteristics and at 
least the expression characteristics of the surface antigens of 
corresponding primary cultures. 
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ABSTRACT: Systemic hypertension exacerbates diabetic retinopathy and 

other coexisting ocular disorders through mechanisms that remain largely 



unknown. Increased vascular permeability and intraocular 
neovascularization characterize these conditions and are complications 
primarily mediated by vascular endothelial growth factor (VEGF) . 
Because systemic hypertension increases vascular stretch, we evaluated 
the expression of VEGF, VEGF-R2 (kinase insert domain- containing receptor 
(KDR) ) , and VEGF-Rl (fms-like tyrosine kinase (Fit)) in bovine 
retinal endothelial cells (BRECs) undergoing clinically 
relevant cyclic stretch and in spontaneously hypertensive rat (SHR) 
retina. A single exposure to 20% symmetric static stretch increased 
KDR mRNA expression 3 . 9+ - 1 . 1 - f old after 3 h (P=0.002), with a gradual 
return to baseline within 9 h. In contrast, BRECs exposed to 
cardiac-profile cyclic stretch at 60 cpm continuously accumulated KDR 
mRNA in a transcriptionally mediated, time-dependent and 
stretch-magnitude-dependent manner. Exposure to 9% cyclic stretch 
increased KDR mRNA expression 8 . 7+-2 . 9-fold (P=0.011) after 9 h and KDR 
protein concentration 1 . 8+-0 . 3 -f old (P=0.005) after 12 h. 

Stretched-induced VEGF responses were similar. Scatchard binding analysis 
demonstrated a 180+-40% (P=0.032) increase in high-affinity VEGF receptor 
number with no change in affinity. Cyclic stretch increased basal 
thymidine uptake 60+-10% (P<0.001) and VEGF- stimulated thymidine uptake 
by 2 . 6+-0 .2-fold (P=0.005). VEGF-NAb reduced cyclic stretch- induced 
thymidine uptake by 65%. Stretched-induced KDR expression was not 
inhibited by ATI receptor blockade using candesartan. Hypertension 
increased retinal KDR expression 67+-42% (P<0.05) in SHR rats 
compared with normotensive WKY control animals. When hypertension was 
reduced using captopril or candesartan, retinal KDR expression 
returned to baseline levels. VEGF reacted similarly, but Fit expression 
did not change. These data suggest a novel molecular mechanism that would 
account for the exacerbation of diabetic retinopathy by concomitant 
hypertension, and may partially explain the principal clinical 
manifestations of hypertensive retinopathy itself. Furthermore, 
these data imply that ant i -VEGF therapies may prove 
therapeutically effective for hypertensive retinopathy and/or 
ameliorating the deleterious effects of coexistent hypertension on 
VEGF-associated disorders such as diabetic retinopathy. 
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ABSTRACT: Objective: To determine the effect of thiazolidinediones (TZDs) 
on experimental retinal neovascularization. Methods: The ability of 
the TZDs troglitazone and rosigl itazone maleate (1-20 mumol/L) to inhibit 
retinal endothelial cell (REG) proliferation, 

migration, tube formation, and signaling was determined in response to 




vascular endothelial growth factor (VEGF) . In vivo studies were 
performed using the oxygen- induced ischemia model of retinal 
neovascularization. Neonatal mice were treated with intravitreous 
injection of 0.5 muL of troglitazone (100 mumol/L) or rosiglitazone 
maleate (100 mumol/L) , or vehicle, and retinal neovascularization 
was assayed qualitatively and quantitatively by means of angiography and 
histological examination. Results: Expression of the TZD receptor, 
peroxisome prol if erator-activated receptor gamma, was confirmed in RECs 
by means of Western immunoblott ing . Rosiglitazone and troglitazone 
inhibited VEGF-induced migration (P<.05), proliferation (P < .05), and 
tube formation (P<.01) by RECs in vitro beginning at 10 mumol/L. 
Rosiglitazone and troglitazone inhibited phosphorylation of extracellular 
signal-regulated mitogen-activated protein kinase 1 in RECs. 
Intravitreous injection of rosiglitazone or troglitazone inhibited 
development of retinal neovascularization (P<.01) but did not 
significantly inhibit VEGF overexpression in the ganglion cell 
layer of the ischemic retina. Conclusion: The TZDs inhibit 
experimental retinal neovascularization with an effect that is 
primarily downstream of VEGF expression. Clinical Relevance: The TZDs are 
widely prescribed and should be evaluated for their potential to inhibit 
the progression of diabetic retinopathy. 
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ABSTRACT: Gene therapy directed specifically to the vascular wall, 
particularly to angiogenic endothelial cells is a 

prerequisite in vascular disease treatment. Angiogenesis is a major 
feature in many pathological conditions including wound healing, solid 
tumors, developing metastases, ischemic heart diseases and diabetic 
retinopathy. In the present study we developed a tissue-specific 
gene therapy to the angiogenic blood vessels of tumor metastasis 
using an adeno-based vector containing the murine preproendothelin- 1 

(PPE-1) promoter. Genes activated by the PPE-1 promoter were highly 
expressed in bovine aortic endothelial cells in vitro. 
Systemic injection of the adenoviral vectors AdPPE- 1 -lucif erase and 
AdCMV-lucif erase to normal C57BL/6 mice, resulted in higher activity of 
PPE-1 promoter compared with CMV promoter in the aorta and vascularized 
tissues such as heart, kidney, lung and pancreas. Systemic administration 
of the adenoviral vector, in mice bearing Lewis lung carcinoma, resulted 
in high and specific activity of PPE-1 in the new vasculature of primary 
tumors and lung metastasis. Cellular distribution of the delivered 
gene revealed highest expression of GFP in angiogenic endothelial 
cells of the metastasis. We expect that this approach of 

'vascular-directed' gene therapy will be applicable to both 
vascular diseases and cancer. 
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ABSTRACT: Human CD3 8, the prototype member of a new family of NAD 

metabolizing ectoenzymes, is a surface receptor mediating select in- type 
adhesion with endothelial cells (HEC) . Its HEC counterpart 

was recently identified and characterized as CD31. CD38/CD31 interactions 
induce on the CD38 side phosphorylation of cytoplasmic molecules, Ca2+ 
fluxes, activation of nuclear factors and synthesis and secretion of a 
panel of cytokines. Recently, we have investigated pathological 
models informative as to the biological significance of this 
interaction. APL is a myeloid leukemia characterized by the presence of a 
neoplastic clone which differentiates into granulocytes upon all-trans 
retinoic acid treatment (ATRA) . As a relic of their tumor origin, 
differentiated cells express CD38 on their surface. A proportion of 
APL patients treated with ATRA develops a clinical picture of respiratory 
distress known as retinoic acid syndrome (RAS) and characterized by 
increased adhesion of CD38+ differentiated cells to lung HEC. The 
phenotype analysis of peripheral blood and bone marrow lymphocytes 
obtained from pediatric APL patients at different time points in the 
course of therapy, revealed that the differentiated cells 

maintain CD38 on the membrane for a period of over a year, independently 
of cycles of ATRA administration. Moreover, the CD38-related protein 
CD157 is also up-regulated in vivo in a way similar to CD38, while, in 
opposition to what observed for CD38, no increase in surface expression 
was seen using cell lines representative of APL. CD31 molecule is 
also up-regulated, thus the in vivo ATRA-dif f erentiated cells 
express simultaneously CD38, its ligand CD31 and its sister-molecule 
CD157. Finally, a role for CD38 and CD31 in the differentiated 
cells adhesion to HEC was demonstrated using a dynamic adhesion 
system that enhances CD3 8 -mediated binding. Addition of dexamethasone , 
the drug of choice in the treatment of RAS, impairs to some extent the 
early phases of adhesion to HEC. 
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ABSTRACT: Purpose: This preclinical rat pilot study quantifies 
retinal microvessel, endothelial, and pericyte population 
changes produced by proton irradiation. Methods and Materials: The left 
eyes of rats were irradiated with single doses of 8, 14, 20, and 28 Gy 
protons; right eyes, with two fractions. Animals were euthanized, and 




eyes were removed; elastase digests were prepared, and cell 

populations were counted in sample fields. Results were compared with 

unirradiated controls. Results: Progressive time- and dose -dependent 

endothelial cell loss occurred following all schedules. 

Cell loss was significantly different from control values (p < 

0.001) following 28 Gy and following 20 Gy (p < 0.05) in a single dose. 

Endothelial cell loss was the same for single- and split-dose 

schedules. Progressive endothelial cell loss produced vessel 

collapse and acellular vessel strands. Endothelial cells were 

in the Go phase of the mitotic cycle. 28 Gy produced photoreceptor 

cell loss. Conclusion: The retinal digest is an elegant 

bioassay to quantify the microvessel population response. Single- and 

split-dose schedules appear to yield similar outcomes, in terms of 

endothelial cell density. 
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ABSTRACT: Immortalized cell lines of retinal origin ( 
retinal endothelial and retinal pigmentary epithelial 
origin) which are capable of being implanted in the retina and of 
conveying a substance of therapeutic interest into the eye and the 
central nervous system. Such lines can also serve as a model for 
studying the blood/central nervous system interfaces. These lines are 
derived from primary cultures of retinal cells selected from 
the group comprising the primary retinal endothelial 
cells and the primary retinal epithelial cells, 

comprise a nucleic acid fragment containing at least one immortalizing 
fragment of a heat - sensitive viral oncogene, which nucleic acid fragment 
may be associated with at least one selection gene, and exhibit the 
morphological characteristics and at least the surface antigen expression 
characteristics of the corresponding primary culture cells. 
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ABSTRACT: Diabetic patients frequently suffer from retinopathy, 

nephropathy, neuropathy and accelerated atherosclerosis. The loss of 
endothelial function precedes these vascular alterations. Here we 
report that activation of poly (ADP-ribose) polymerase (PARP) is an 
important factor in the pathogenesis of endothelial dysfunction in 
diabetes. Destruction of islet cells with streptozotocin in mice 
induced hyperglycemia, intravascular oxidant production, DNA strand 
breakage, PARP activation and a selective loss of endothelium-dependent 
vasodilation. Treatment with a novel potent PARP inhibitor, starting 
after the time of islet destruction, maintained normal vascular 
responsiveness, despite the persistence of severe hyperglycemia. 
Endothelial cells incubated in high glucose exhibited 
production of reactive nitrogen and oxygen species, consequent 
single-strand DNA breakage, PARP activation and associated metabolic and 
functional impairment. Basal and high-glucose - induced nuclear 
f actor-kappaB activation were suppressed in the PARP-def icient 
cells. Our results indicate that PARP may be a novel drug target 
for the therapy of diabetic endothelial dysfunction. 
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ABSTRACT: Aim: To identify if laser photocoagulation induces morphological 
changes specifically related to the choroidal capillary endothelial 
processes that protrude into Bruch • s membrane. Methods: Two human eyes 
and one adult macaque monkey eye received retinal laser 
photocoagulation that was just suprathreshold, before enucleation or 
exenteration. They were examined by electron microscopy to determine the 
length of the endothelial processes emanating from the choroidal 
capillaries in the region around the laser burn. One human and two monkey 
untreated eyes were used for comparison. Results: In human eyes, there 
was no increase in the number of processes 15 hours after laser treatment 
but at 5 days the processes were more numerous and longer within 400-500 
mum of the burn than in the untreated half of the same eye. The processes 
were longer 9 days after photocoagulation in the monkey, when compared 
with untreated monkeys, and some breached the elastic lamina, a 




phenomenon not seen in the untreated eyes. Qualitative differences were 
also noted in the endothelial cell processes following 
photocoagulation. Neovascularisat ion was not observed. Conclusions: 
Protrusion of choroidal endothelial cell processes into 

Bruch's membrane is a normal anatomical feature but the number, length, 
and morphology of the processes change following mild photocoagulation. 
It is plausible that these processes may play a part in the clearance of 
debris from Bruch's membrane, and represent an early stage of 
angiogenesis . If the latter is true prophylactic laser photocoagulation 
at just suprathreshold levels may carry a risk of inducing choroidal 
neovascularisat ion . 
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Rank of gene therapy in cardiovascular diseases. 
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SUMMARY LANGUAGE: English; German 

ABSTRACT: Vascular gene transfer potentially offers new treatments for 
cardiovascular diseases. It may be used to overexpress 
therapeutically important proteins and correct genetic defects, and 
to test experimentally the effects of various genes in a local vascular 
compartment. Vascular endothelial growth factor (VEGF) and 
fibroblast growth factor (FGF) gene transfers have improved blood flow 
and collateral development in ischemic limb and myocardium. Promising 
therapeutic effects have been obtained in animal models of 

restenosis or vein-graft thickening with the transfer of genes coding for 
VEGF, nitric-oxide synthase, thymidine kinase, retinoblastoma, 
growth arrest homoeobox, tissue inhibitor of metalloproteinases , cyclin 
or cyclin-dependent kinase inhibitors, fas ligand and hirudin, and 
antisense oligonucleotides against transcription factors or cell 
-cycle regulatory proteins. First experiences of VEGF gene transfer and 
decoy oligonucleotides in human beings have been reported. However, 
further developments in gene transfer vectors, gene delivery techniques 
and identification of effective treatment genes will be required before 
the full therapeutic potential of gene therapy in 
cardiovascular disease can be assessed. 
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Angiogenesis and vasculogenesis . Therapeutic approaches for 

stimulation of post-natal neovascularization. 
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ABSTRACT: The formation of new blood vessel is essential for a variety of 
physiological processes like embryogenesis and the female reproduction as 
well as wound healing and neovascularization of ischemic tissue. Major 
progress in understanding the underlying mechanisms regulating blood 
vessel growth has offered novel therapeutic options in the 
treatment of a variety of diseases including ischemic cardiovascular 
disorders. Vasculogenesis and angiogenesis are the mechanisms responsible 
for the development of the blood vessels. Angiogenesis refers to the 
formation of capillaries from preexisting vessels in the embryo and adult 
organism. While pathologic angiogenesis includes the role of post-natal 
neovascularization in the pathogenesis of arthritis, diabetic 
retinopathy, and tumor growth and metastasis, therapeutic 
angiogenesis, either endogenously or in response to administered growth 
factors, includes the development of collateral blood vessels in tissue 
ischemia. Preclinical studies established that angiogenic growth factors 
could promote collateral artery development in animal models of 
peripheral and myocardial ischemia. Subsequent clinical trials using gene 
transfer of naked DNA encoding for VEGF for the treatment of critical 
limb and myocardial ischemia documented the safety and clinical benefit 
of this novel therapeutic approach. Several objective methods 
indicated marked improvement in collateral vessel development. 
Vasculogenesis describes the development of new blood vessels from in 
situ differentiating endothelial cells. Recently considered 
to be restricted to embryogenesis, there exists now striking evidence 
that endothelial progenitor cells (EPC) circulate also in 

adult peripheral blood able to participate in ongoing neovascularization. 
Different cytokines and growth factors have a stimulatory effect on these 




bone-marrow derived EPC. Granulocyte macrophage colony stimulating factor 
(GM-CSF) and vascular endothelial growth factor (VEGF) mobilize EPC 
from the bone marrow into the peripheral circulation. While their 
endogenous contribution to postnatal neovascularization needs to be 
documented, the iatrogenic expansion and mobilization of EPC might 
represent an effective means to augment the resident population of 
endothelial cells (ECs) . This kind of cell 

therapy for tissue regeneration in ischemic cardiovascular diseases 
opens a novel and challenging clinical option besides or in addition to 
the use of growth factors in gene therapy. 
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ABSTRACT: Fas/Fas ligand-mediated lymphocyte apoptosis has been implicated 
in the suppression of immune responses and may cause immune privilege. 
Human corneas exhibit immune privilege and can be transplanted across 
allogeneic barriers without immunosuppressive therapy, perhaps, 
because corneal keratinocytes express Fas ligand. To characterize Fas and 
Fas ligand expression in skin, we examined expression by murine 
keratinocytes, dermal fibroblasts, melanocytes, and human umbilical 
endothelial cells. We also studied the regulation of Fas and 
Fas ligand in skin cells by retinoic acid, vitamin D3 , and 
dexamethasone as well as various cytokines. Among the molecules and 
cells tested, retinoic acid selectively upregulated the 
expression of Fas ligand molecule by fibroblasts. Retinoic 
acid-induced Fas ligand+ fibroblasts killed Fas+ target cells, and 
this killing was blocked by anti-Fas ligand antibody. The function of Fas 
ligand on dermal fibroblasts in vivo was tested in a cutaneous allograft 
system. Histoincompat ible BALB/C mouse (H-2d) donor skin was grafted on 
to allogeneic C57BL/6 mice (H-2b) . Daily local injection of 
retinoic acid blocked inflammation and extended graft survival for 
more than 10 d. Injection of retinoic acid into Fas ligand mutated 
gld/gld donor skin did not prevent leukocyte infiltration into the 
allograft or prolong graft survival. These experiments indicate that, in 
skin, retinoic acid selectively increases Fas ligand expression by 
fibroblasts and that retinoic acid has potent Fas/Fas 
1 igand-dependent immunosuppressive activity. 
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ABSTRACT: Objectives: Angiogenesis has been shown to be related to p53 and 
retinoblastoma gene function as well as to neuroendocrine 
differentiation {as measured by chromogranin A staining) in prostate 
tumors. Studies have indicated that immunohistochemical assessment of 
p53, retinoblastoma, and chromogranin A in prostate cancers treated 
by radical prostatectomy can be useful in predicting disease - specif ic 
survival, whereas the degree of microvessel density (MVD) , a measure of 
angiogenesis, correlates with disease recurrence. The ability of MVD, 
however, to predict disease-specific survival either alone or in 
conjunction with other prognostic factors has not yet been evaluated. The 
purpose of our study was to determine the relative importance of p53, 
retinoblastoma, and chromogranin A as well as MVD in the prediction 
of disease-specific survival following radical prostatectomy in 
conjunction with classical pathologic assessment. Methods: From 1970 to 
1984, radical prostatectomy was performed on 75 patients with clinical 
Stage A2 to B2 adenocarcinoma of the prostate. No neoadjuvant or adjuvant 
treatments were given, and patients were followed until death. 
Prostatectomy specimens were examined to evaluate conventional pathologic 
parameters. In addition, the tissue was immunohistochemically stained for 
p53, retinoblastoma, chromogranin A, and endothelial 
cells. A previously described computerized imaging system analyzed 
the microvessels and computed both "optimized" and "area-weighted" MVD 
scores. Proportional hazard models were used to investigate the 
simultaneous association of these variables with disease- specif ic 
survival. Results: Of the 75 patients, 4 had follow-up of less than 3 
months, and 29 patients had inadequate tissue for analysis of all 
immunohistochemical markers. The analyzed subset of 42 patients was found 
to be representative of the cohort of 71 patients. Multivariate analysis 
revealed that p53 and retinoblastoma have the greatest prognostic 
importance regarding disease-specific survival. Chromogranin A and 
optimized or area-weighted MVD scores were of no additional value when 
p53 and retinoblastoma were assessed. Conclusions: Microvessel 
density, as a determinant of angiogenesis and chromogranin A, does not 
seem to add significantly to the prognostic disease - specif ic survival 
information provided by conventional pathology combined with p53 and 
retinoblastoma assessment. 
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ABSTRACT: Purpose. A critical early event in the pathogenesis of diabetic 
retinopathy is leukocyte adhesion to the diabetic retinal 
vasculature. The process is mediated, in part, by intercellular adhesion 
molecule-1 (ICAM-1) and results in blood-retinal barrier breakdown 
and capillary nonperf usion . This study evaluated the expression and 
function of the corresponding ICAM- 1 -binding leukocyte beta2 - integrins in 
experimental diabetes. Methods. Diabetes was induced in Long Evans rats 
with streptozotocin. The expression of the surface integrin subunits 
CDlla, CDllb, and CD18 on rat neutrophils isolated from peripheral blood 
was quantitated with flow cytometry. In vitro neutrophil adhesion was 
studied using quantitative endothelial cell -neutrophil 

adhesion assays. The adhesive role of the integrin subunits CDlla, CDllb, 
and CD18 was tested using specific neutralizing monoclonal antibodies. 
CD18 bioactivity was blocked in vivo with anti-CD18 F(ab')2 fragments, 
and the effect on retinal leukocyte adhesion was quantitated with 
acridine orange leukocyte f luorography . Results. Neutrophil CDlla, CDllb, 
and CD18 surface integrin levels were 62% {n = 5, P = 0.006), 54% (n = 5, 
P = 0.045), and 38% (n = 5, P = 0.009) greater in diabetic versus 
nondiabetic animals, respectively. Seventy-five percent more neutrophils 
from diabetic versus nondiabetic animals adhered to rat endothelial 
cell monolayers (n = 6, P = 0.02). Pretreatment of leukocytes with 
either anti-CDllb or anti-CD18 antibodies lowered the proportion of 
adherent diabetic neutrophils by 41% (n = 6, P = 0.01 for each 
treatment) , whereas anti-CDlla antibodies had no significant effect (n = 
6, P = 0.5). In vivo, systemic administration of anti-CD18 F{ab')2 
fragments decreased diabetic retinal leukostasis by 62% {n = 5, P = 
0.001). Conclusions. Neutrophils from diabetic animals exhibit higher 
levels of surface integrin expression and integrin-mediated adhesion. In 
vivo, CD18 blockade significantly decreases leukostasis in the diabetic 
retinal microvasculature . Integrin adhesion molecules may serve as 
therapeutic targets for the treatment and/or prevention of early 
diabetic retinopathy. 
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ABSTRACT: Retinal photocoagulation is used clinically to cause 
regression of retinal neovascularization and retinal edema. 
However, intense or even moderate photocoagulation can produce 
complications such as cystoid macular edema and choroidal 
neovascularization during tissue repair. Vascular endothelial 
growth factor (VEGF) and basic fibroblast growth factor (b-FGF) cause 
vascular hyperpermeabil ity or neovascularization during scar formation. 
In this study of the relations between these growth factors and such 
complications, photocoagulation of mild to moderate intensity was used on 
240 eyes of normal rats, and the concentrations of messenger RNAs (mRNAs) 
coding for VEGF and b-FGF in the retina and choroid were measured 
after 3, 24, 48, and 96 hours after photocoagulation by northern 
blotting, Vimentin mRNA expression was also studied as a maker of scar 
formation by glial cells, migrating fibroblasts, and retinal 
pigment epithelial cells. Histological exmamination of 4 eyes were 
done at the same times. Three hours after photocoagulation, glial 
cells had not proliferated, and vimentin mRNA had not increased in 
retina, compared with control. However, retinal VEGF mRNA at 
3 hours was significantly higher than normal rat retina. 
Twenty-four hours after photocoagulation, the concentration of vimentin 
mRNA in the retina was higher than control, but VEGF in the 
retina was lower than control. The concentration of b-FGF was 
maximum at 24 hours, but vimentin mRNA was maximum at 48 hours, when VEGF 
and b-FGF mRNAs at 48 hours had decreased compared with their peak 
points. Throughout the experiment, mRNAs of VEGF and b-FGF in the choroid 
were unchanged. These findings suggest that retinal VEGF has an 
important role in sub-retinal exudate formation, which was seen in 
the histological examination immediately after photocoagulation. The 
results may reflect the participation of retinal b-FGF in glial 
proliferation in the retina during scar formation after 
photocoagulation . 
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ABSTRACT: One feature that contraindicates the wide therapeutic use 
of natural retinoids is their adverse effects during systemic use 
and the lack of receptor selectivity. In contrast, synthetic 
retinoids are distinguishable from each other on the basis of their 
partial or exclusive preference in binding and activation of selective 
retinoid receptors. We examined the inhibitory activities of 
natural and synthetic retinoids for their ability to reverse basic 
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^ ^- »^i-ract of dried leaves of Ginkgo 

ABSTRACT: EGb 761 ^^^n^ ^^-^'^^^^^^^^^ ^''^of 

biloba containing 24% ginkgo tla 3_ j^s broad spectrum of 

such as gin>^g°l^d^^^' ^'^'^li^ows it adequacy to the numerous 

pharmacological activities all°^^^^^5° hemorheological , metabolic - 
pathological requirements " ^emodynamic^ ^^^^.^^ 
which occur in cerebral, "^xnal cochleo effects against 

peripheral i ^chemi a. Moreover EGb 761 has d ^^^^^^ plasticity as 
necrosis and apoptosis of It the molecular and the 

evidenced in vestibular <:°"'P^f ^^^°^;,ed ^th animal models 
cellular levels, ^s a free radical - scavenger and a 

indicates that EGb 761 can interact as a r reactive oxygen 

inhibitor of lipid Peroxydation wrth all^ or near Y.^^^^^^^^,^^ 

species; maintains ATP -^-^^^^.^^.J^Se phosphorylations ; exerts 
respiration and Preservation of oxidative P J releaseof 

arterial and venous --^°"f ^J^^^^fi^^inergic system. Moreover, EGb 
endothelial factors and the 5^^°;^^'„i?3 and exerts a specific 
761 regulates ionic balance m 't^'^t^l Jlt^aonist activity. Numerous 
and potent Platelet-activating factor antagonist ^^^^ 

well-controlled clinical ^^udies realized P ^.^^ ^^^.^^^ 

revealed that EGb 761 is an f^^^^^^^^^^^^f^^^ cerebral impairment of 
disturbances of cerebral ^ ^^f /J^f^'^t dementia) , early cognitive 
ischemic vascular origins (le ^^^^^^^^^ ^^^e severe types of senile 
decline to mild-to-moderate ^^ses of the mo ^.^ 
dementias (including Alzheimer ^ f^^^^lf symptoms have been 

psychoorganic origin) . Improvement of signs a 



